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Use of the Marginal Index 



A heavy black slug is placed on the margin of 
the first page of each section dealing with a 
separate subject. By bending the book backward 
these slugs are exposed opposite the individual 
section headings, which are printed on this page. 

If the thumb of the right hand is placed on the 
slug opposite the section desired, the book can be 
opened directly to the corresponding text, tables 
or diagrams. 
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FOREWORD 

'P'OR many years there has been a demand for a compact yet 
comprehensive handbook on reinforced concrete building de- 
sign so presented as to facilitate the efforts of designers and to 
conserve their time. 

Successful performance of reinforced concrete over a long 
period of years together with accumulated knowledge of exten- 
sive research m concrete and reinforced concrete opens new 
possibilities in structural design. Stress limits based upon a re- 
quired quality of concrete are now used with full confidence and 
safety due to improvements in construction methods and equip- 
ment and a growing understanding and application of the basic 
laws controlling the quality of concrete. 

In presenting to the engineering profession this first edition 
of A Handbook of Reinforced Concrete Building Design,” its 
sponsors have endeavored to eliminate variables which limited 
the utility of former publications in this field. This handbook 
embodies tables and diagrams for the design of structural mem- 
bers of buildings in accordance with the provisions of the Joint 
Code. The design practice which is presented, offers a means of 
obtaining a degree of economy consistent with the quality of the 
concrete used. The maximum economy, however, will only be 
possible where strict control of concreting operations prevail. 

The experience and training of the author of Design and 
Cost Data, Mr. A. R. Lord, combining a knowledge of theory 
and research with extensive practical experience in the design 
and construction of many buildings, have fitted him for this 
work to a remarkable degree. 

A fundamental knowledge of the mechanics of structures and 
reinforced concrete design is essential to the intelligent use of 
this handbook. 


Portland Cement Association 
Concrete Reinforcing Steel Institute 
Rail Steel Bar Association. 


Design and Cost Data for the 1928 Joint Standard 
Building Code. 

By Arthur R. Lord.* 

SYNOPSIS. 

The development of the technique of concrete proportioning within 
recent years, the constantly advancing knowledge of the mechanics of re- 
inforced-concrete building design, the long years of study and research 
embodied in the 1924 report of the Joint Committee on Specifications for 
Concrete and Reinforced Concrete and the subsequent careful codification 
of that report by the Building Code Committee (E-l) of the American 
Concrete Institute has made available a workable and authoritative build- 
ing code for all types of reinforced-concrete construction such as engineers 
in any city may adopt with confidence. One objection to such adoption 
lies in the loss of usefulness of most of the design tables and diagrams 
which have cost engineers a great deal in both time and money. To over- 
come this objection this paper includes a complete set of designers* tables 
and diagrams for use with the proposed 1928 Joint Standard Building Code. 
I believe that engineers will find this set of designers’ aids as complete, as 
time-and-labor-saving and as accurate as any similar set they may be using 
under their local code. These tables and diagrams introduce important 
simplifications in the design of doubly-reinforced beams and in the spacing 
of stirrups. They cover a much wider range of concrete strengths than is 
covered by similar tables and diagrams previously published. Their use 
is illustrated and explained by numerous examples. 

With these tables and diagrams as a foundation, a study has been 
made of the relative cost of the common types of structures using 2,000-lb. 
concrete as is now almost universal, except in columns, and using concrete 
of considerably greater ultimate strength. The advantage of higher 
strength concrete is indicated by many considerations. Our new control 
knowledge indicates that a fifty per cent increase in strength over the 
usual performance in concrete making in the past may readily be obtained 
with an increase in cost of about ten per cent. The use of higher strength 
concrete would also result in more workable concrete, less permeable and 
more highly resistant to the usual exposures to which outdoor concrete is 
subject. The attempt to utilize our newer knowledge of concrete propor- 

* President, Lord & Holinger, Inc., Civil and Architectural Engineers, 
Chicago. 
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tiomng to produce a better and a cheaper 2,000-lb. concrete is likely to 
result in harsh mixes and expensive placing. It seems to me better to 
use the same amount of cement, or somewhat more cement, with less water, 
and to employ in the design the higher strength so secured. The reduction 
in water will more than balance the addition of cement, insofar as shrink- 
age and crazing is concerned. This study indicates that a considerable 
direct saving in the final cost of an ordinary building is secured in addi- 
tion to a higher quality of concrete and an easier field operation. 

PART ONE— DESIGN DATA. 

Introduction. Almost from its founding, the American Concrete Insti- 
tute has had a committee at work preparing and revising a building code 
which the Institute recommends as a standard, fairly representative of 
the best up-to-date knowledge and practice in reinforced-concrete design. 
This code is available to governmental agencies and has been adopted by 
a number of cities as well as by individual designers. The Institute has 
also been represented on the two National Joint Committees which have 
worked on this same problem on the specification side. I have been inti- 
mately connected with this work, as a member of the Institute’s commit- 
tee on building code for fourteen years, including five years as chairman, 
and as one of the Institute’s representatives on the second Joint Commit- 
tee. I have also participated professionally in the re-drafting of several 
city building codes and am now a member of the committee engaged in 
revising the Chicago code. The 1928 edition of the Institute’s Standard 
Reinforced-Concrete Building Code is based on the 1924 Joint Committee 
report, in which the specification form has been changed to code form and 
in which scientifically accurate but practically cumbersome formulas and 
provisions have been simplified and made more workable as a basis of 
design and construction. In a few instances there are differences in the 
substance of the two reports but the greater part of the differences are 
entirely matters of form, adopted to make a code more acceptable to the 
engineers who must use and enforce it. In 1927 the Committee on Stand- 
ard Practice of the Concrete Reinforcing Steel Institute which had pre- 
viously adopted a code based on the 1924 Joint Committee report joined 
with Committee E-l of the American Concrete Institute to formulate the 
1928 Joint Code on which this paper is based. With respect to cost of 
buildings erected, this code is fairly representative of the more advanced 
general practice. Most city codes present certain sections which are far 
more liberal than the average national practice and in comparison with 
these sections the Joint Code would indicate added cost. On the other 
hand most city codes have other provisions which are unnecessarily burden- 
some and in these sections the Joint Code would show a saving. Compari- 
sons with the Chicago code are included in Part II of the paper. 

Some of the great differences in city codes have arisen from a feeling 
that the quality of the concrete in various localities must necessarily vary. 
We know today that a concrete of 2,000 or 3,000-lb. strength can be made 
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as readily in one city as in any other. Other differences in city codes have 
arisen from the political ascendancy of some business interest and repre- 
sent merely inequitable variations in the factor of safety required in differ- 
ent members. The present situation in which 2,000-lb. concrete is limited 
to 650-lb. stress in one locality and forced to carry 1,200-lb. a few miles 
away, even though made from identical materials, is so absurd that the 
general adoption of a scientifically accurate and practically workable stand- 
ard, such as the Joint Code, is a reasonable hope. 

I have been using the substance of the 1928 Joint Code quite generally 
in my work since 1924, where city ordinances have not taken precedence, 
and as a result, prior to starting this paper, I had accumulated a consid- 
erable number of tables and diagrams to facilitate rapid and accurate 
design. I also recognized the need of still other designers’ aids which 
time had not permitted me to develop. One great hardship involved in 
the adoption of the Joint Code by engineers generally would be the neces- 
sary scrapping of the old design tables and diagrams, on which much time 
and money had been spent, and the large new effort and expense which 
would be involved in creating in each office the necessary new diagrams 
and tables. This paper has been undertaken in the hope of supplying this 
need and of removing this obstacle. It represents also the conservation of 
a huge amount of duplicated effort which would otherwise be necessary. 
The preparation of the paper at this time has been made possible by aid 
from the Portland Cement Association, the Concrete Reinforcing Steel 
Institute and the Rail Steel Bar Association, making up the cost to me 
of producing the tables and diagrams not previously worked up and of 
making all of them conform strictly to the Joint Code as now presented. 

Basis of the Tables and Diagrams . — In the preparation of these tables 
and diagrams, I have had in mind the importance of simplicity of presenta- 
tion, in order to reduce both the time required for their application and the 
liability of error. Each diagram is based on a single steel stress and a 
single concrete stress, except that in some instances four parallel tables 
have been printed together to save space. In any practical design, only 
one set of stresses is involved and the work is facilitated and safeguarded 
if only this set is represented on the diagram. All stresses and provisions 
appearing in the paper correspond to my interpretation of the Joint Code. 
This code is unusually direct and understandable. 

In the treatment of T-beams and of beams with compressive reinforce- 
ment I have adopted the device of reducing all designs to substantially the 
same process and method as is now universally used in the case of the 
rectangular beam. This method is based on the use of the full allowable 
stresses in both the steel and the concrete, in other words on the use of 
“balanced reinforcement.” This has involved a large amount of computa- 
tion to get accurate values of p and K for the great range of beam pro- 
portions used in design, but has greatly simplified and reduced the labor of 
design. By the tables presented here the usual involved diagrams are ren- 
dered unnecessary. A workable solution of the T-beam with compressive 
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reinforcement is presented for the first time and in the same simple man- 
ner. The unusual length of this paper has made it necessary to omit all 
formula derivation, but the formulas used are stated and figures are drawn 
in which the various dimensions and forces have been so represented as to 
aid anyone who wishes to check them. Every formula, table and diagram 
has been checked by some competent engineer other than myself and en- 
tirely outside of my own office. 

In the design of certain types of members, such as footings or flat 
.slabs, the proportions of the final structure may be varied through a con- 
siderable range and a large variety of equally correct designs may be 
secured, all complying with the Code. By a careful study of the average 
conditions encountered in practice it is possible — and customary in large 
offices — to set up standards of proportions to apply to all members of a 
given type. In such members all horizontal dimensions can be made to 
bear a constant ratio to the side of the floor panel or of the footing and 
all vertical dimensions a constant ratio to the depth of the slab or footing. 
In this way very simple diagrams can be prepared for “standardized” mem- 
bers and a vast amount of time and labor saved. This has been done in 
this paper and the “office standards” presented are fully described. In all 
such cases they are based on extended use in practice of substantially the 
same proportions. 

The design of web reinforcement has been a thorn in the side of the 
concrete designer, with the result that wasteful guesswork has come to be 
all too common. The well-known shear diagram, which is easily sketched 
even for the most complicated cases as soon as the loads and reactions 
have been computed, has been used in this paper to compute directly and 
rapidly both the number of stirrups (vertical or inclined) and their accu- 
rate spacing. The diagrams perform for the designer the tedious and 
exacting work which has heretofore been required for accuracy and 
economy. 

The work of the Division of Simplified Practice of the Department of 
Commerce in conjunction with the various trade organizations of the build- 
ing industry has resulted in the elimination of much waste. In the field 
of reinforced concrete this work has resulted in the establishment of eleven 
standard har sizes and of four standard sizes for spiral rods. Bar and 
spiral rod sizes which are no longer standard have been eliminated from 
my tables and diagrams. This will automatically eliminate the need for 
substitutions and back checking which would result from the accidental 
use of non-standard sizes, no longer commercially available. In the same 
way standard column capital sizes are used in one set of the flat slab 
diagrams. 

Notation . — Standard notation as used in the Joint Code has been em- 
ployed in all the text, tables, and diagrams of this paper. A few addi- 
tional symbols have been used in some instances, and these are defined in 
the text. 

General Tables . — Tables 1 and 2 are general tables, used in connection 
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with several types of members. They need very little explanation. Numer- 
ous other tables of this general group are available, but are not included 
when the results may be obtained by a simple slide rule operation and 
are usually so obtained by designers in preference to turning to the table. 

Table 1 applies to the stem width of beams, T-beams, joists, etc., and 
its use will save computations involving both multiplication and addition. 

Table 2 gives necessary information as to bars. Most designers know 
bar areas, but need to refer to such a table for values of 2 o ( = Summa- 
tion of bar perimeters), in making bond computations. The value of 12a, 
is useful in determining the bar spacing in one-way slab design. 

Steps in Design for Flexure .— The design of all types of beams com- 
prises seven steps, which are essentially the same for rectangular and 
T-beams with and without compressive reinforcement. These seven steps 
are stated completely under “Steps in Design of Rectangular Beams.” In 
the other types of beams the slight differences occasioned by the introduc- 
tion of special factors (t/d, d'/d, 6' and p') are explained in full under each 
design step that is affected by them, while the steps that remain unchanged 
are not repeated on account of space limitations. The designer may not 
always be conscious of the individual steps but the process that he carries 
out is essentially that described below. 

Steps in Design of Rectangular Beams.— ( 1) The size and weight of 
the member are assumed and the moments, shears and reactions are 
computed. 

(2) The value of the effective depth, d, is assumed, the value of K 
for the concrete stress used in the design is taken from Table 3 or Table 4 
and the value of 6 is computed by formula (101). 

M 


(3) The value of v, the unit shearing stress, is computed by for- 
mula (102a). 

8V 


(4) The value of v must lie within the limits permitted by the code, 
which vary with the type of anchorage, and the weight of the beam includ- 
ing protective covering must agree with the weight assumed. If necessary, 
new assumptions must be made and the first four steps repeated. 

(5) From the value of p for balanced reinforcement corresponding to 
the value of K used above, compute the area of tensile reinforcement by 
formula (103a). 


A =P*d (103a) 

(6) Select bars from Table 2 to make up the required area, checking 
the bond unit stresses by formula (17) of the code and the necessary stem 
width by Table 1. 

( 7 ) Complete by designing the web reinforcement. 
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Problem 1 shows the complete design of a rectangular beam by this 
common method while Fig. 3 gives the formulas relating to p and k, on 
which Tables 3 and 4 are based, and illustrates the stress relations. 

Many cases will arise in design when it may be advantageous to main- 
tain a uniform size of beam for several moment conditions, rather than to 
preserve “balanced reinforcement.” In such instances the design will usu- 
ally be made for the limiting beam from these tables and the concrete 
stresses in the other beams will be less than the full allowable value by 
the code. For these beams with reduced concrete stress, the steel area will 
be determined by formula (103b) in place of formula (103a) above. 



FIG. 1. — LOAD, SHEAR AND MOMENT DIAGRAMS FOR PROBLEM 1. 

M 

A = (103b) 

17,500d 

Problem 1. 

Having given the load, shear and moment curves for the superimposed 
uniformly distributed load as shown by the dash lines in Fig. 1 complete 
the design of the rectangular beam in accordance with the 1928 Joint Code, 
using 2,000-lb. concrete, fire resistive construction and deformed bars. The 
beam frames into reinforced-concrete columns at each end. The adjoining 
spans on either side are the same as this span. 

Solution: Assume a beam 12 by 24 in. in section. The weight will be 
(12) (24) ( 150)/144 = 300 lb. per lin. ft. For this loading: 
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(300) (18) (18) (12)<°> 

Dead-load moment at support = wl */ 12 = = 

12 

97.000 in.-lb. 

Total moment at support, M c = 97,000 755,000 = 852,000 in.-lb. 

(300) (18) (18) (12)( fl > 

Dead-load moment at center = icZ 2 /16 = = 

16 

73.000 in.-lb. 

Total moment at center, M c = 73,000 -{- 566,000 = 639,000 in.-lb. 
Dead-load reaction at each support = (9) (300) = 2,700 lb. 

Total end shear = 2,700 + 21,000 = 23,700 lb. 

The moment and shear curves, revised to include the dead-load, are 
shown in Fig. 1 by heavy full lines. 

For fire resistive construction d — 24 — ( 1 V 2 + V 2 + % (c) ) = 2 1 .4 
in. for assumed beam depth. 

(8) (23,700) 

From the total end shear and formula (102a) v = — 

(7) (12) (21.4) 

106 lb. per sq. in. (=0.053/' c ). This is less than 120 lb. per sq. in. 
(0.06/' c ) and requires only ordinary anchorage. 

At the support, in accordance with Table 4, 

K— 157, p — 0.0091 

852,000 

By formula (101) 5 = —11.9 in. (Against 12 in. as- 

( 157 ) (21.4) 2 

sumed — O. K. ) 

By formula (103a) * A s —(0.0091) (11.9) (21.4) = 2.31 sq. in. 

At the center, in accordance with Table 3, K = 131, p = 0.0075 

639,000 

By formula ( 101 ) b = — 10.7 in. 

(131) (21.4) 2 

By formula (103a)* A s =(0.0075) (10.7) (21.4)= 1.71 sq. in. 
Several combinations of bars will satisfy this requirement. The ar- 
rangement that supplies the required steel areas both over the support 
and at the center with the least total cost of the steel in place should be 
used. In this determination the extras for bar sizes, the extras for bending 
or cutting small amounts of any one size and the extra labor cost of 
handling bars of many lengths varying by small amounts should all be 
considered. 

Try 3- 7 /s in. rd. at the center, bending up l-% in. rd. bar and lapping 
across the support. This will provide 2-% in. rd. across the support 
(=1.20 sq. in.) and 2-% in. rd. straight in the top will make up the 
required 2.31 sq. in. From formula (17) of the code the bond stress on the 
lower steel at thei point of inflection will be : 

8 V (8) (14,200) (A> 

u = = =138 lb. per sq. in. ( = 0.069/' ) 

7 'Lod (7) ( 5.5 ) W (21.4) 


♦Formula (103b) may be used, as described on page 6. 
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This exceeds 100 lb. per sq. in. (0.05/' c ) and requires special anchor- 
age for at least one-third of the center reinforcement. One % in. rd. must 
be carried into the support at each end a distance equal to (16.7) 

( % ) = 14.6 in. One % in. rd. bar will be carried to the center of the 
support. The bond stress on the upper steel at the edge of the support 
will be, by formula (17) of the code: 

(8) (23,700) 

u — = 115 lb. per sq. in. ( = 0.058/' A 

(7) (11.0) (21.4) 

This exceeds 100 lb. per sq. in. (0.05/' c ) and requires special anchor- 
age beyond the point of inflection (the fifth point of the clear span) of 
at least one-third of the steel. In this case the 2-% in. rd. straight in the 
top must be carried ( 16.7) (d) (%) = 14.6 in. beyond the point of inflec- 
tion or 4 ft. 10 in. beyond the face of the support. 

In the shear diagram ( Fig. 1 ) the vertically -hatched area representing 
the shear taken by the stirrups at either end is a triangle, which indicates 
that this is Case II (see p. 22) and the rapid solution for stirrup spacing 
given in Table 68 is available. The shear carried by the concrete by equa- 
tion (114) is: 

y c = (60) <*>(%) (12) (21.4)= 13,500 lb. 

The distance, a, to the point where no web reinforcement is required, 
by formula (119) is: 

/23,700 — 13,500 \ /(18)(12)\ 

° — ( 23,700 ) \ 2 ) = 46-5 ln ‘ 

The area of the triangle under the shear curve is: 

/23,700 — 13,500 \ 

2 F' = ( g I (46.5) =237,000 in. lb. 

The maximum permissible size of a vertical stirrup by Diagram 66 
is % in. rd. for deformed stirrups. The total stirrup area at each end by 
formula (117) is: 

237,000 

NA V = ' = 0.79 sq. in. 

(14,000) (21.4) 

From Table 67 we find that 4-% in. rd. U-stirrups equal 0.88 sq. in. 

From Table 68 for 4 stirrups and a = 46.5 in. we compute 

Face of support to first stirrup =( .07 ) (46.5)= 3.25 in. — 3% in. 

Next two spaces =(.16) (46.5)= 7.44 in. 2 at 7 V 2 in. = 15 in. 

Last space =(.26) (46.5)= 12.1 in. 1 at 12 in. = 12 in. 

By section 804, the maximum permissible stirrup spacing within the 
distance, a, is: 

(0.75) (21.4)= 16.0 in. 

No extra stirrups are required by this limit. The spacing from the 
face of each support is: 
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3*4 in., 2 at 7% in., 12 in. 

The stirrup length is: 

(12 — 3)+[(2) (21.4) ]+[ (2) (5)]=62 in. = 5 ft. 2 in. 

A portion of the stirrups could be omitted in the zones where the 
bent-up bar reinforces the web. The omissions may be readily determined 
by drawing the stirrups and the bent bar to scale on the shear diagram 
as indicated in Fig. 12. 

Notes for Problem 1: 

(°) Multiplied by 12 to give moment in inch- pounds. 

( 6 ) Allowance made for y 2 in. rd. stirrups — slightly excessive. 

( c ) Allowance made for 1*4 in. rd. bar — slightly excessive. 

( d ) By section 903 of the code : 

Length of anchorage with deformed bars = 

( 20,000 \ / f > 2 \ 

3 /\ 4 ) 33,333 D 

— =16.7D for 2,000-lb. concrete. 

(0.05 f' c )(D) r c 

/"A 20 ^ or in. rd. = 5.5 sq. in. from Table 2. 
y) So for 4-% in. rd. = 11.0 sq. in. from Table 2. 

00 Since special anchorage has been provided to meet the bond requirements 
the value of v c may be taken as 0.03/' c or 60 lb. per sq. in. for 2,000-lb. concrete. 

' ) Shear at point of inflection (fifth point of clear span) equals (0.6) 
(23,700)= 14,200. 

Steps in Design of T-Beams. — T-beams, in which the slab acts as a 
compression flange for the beam stem, are the same as rectangular beams 
in which the values of p and K are reduced by the elimination of part of 
the section. In the analysis used in this paper, the compressive stresses 
in the stem between the neutral axis and the lower face of the flange are 
neglected, as is usual in design. In designing a T-beam the thickness, #, 
of the slab forming the flange has presumably been determined. The steps 
in the design are as follows: 

(1) Same as rectangular beam except that only the weight of the 
stem of the beam need be assumed. 

(2) The value of d is assumed, and from this the value of t/d is at 
once known. Enter Table 5 under the concrete stress used in the design 
and locate the value of K opposite the computed value of t/d. Record the 
value of p for use under step (5). From formula (101) determine the 
value of 6. 

(3) From formula (102a) rewritten with 6', the stem width, in 
place of 6, compute the value of v. 

8 V 

v = (102b) 

7 Ud 

(4) The value of v must be checked against the limits permitted by 
the code and the overhanging width of the slab used for the T-flange on 
either side of the stem must be checked also against the code. The 
weight of the stem including protective covering must be checked against 
the assumed weight. 
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(5), (6) and (7) are exactly tlie same as in the rectangular beam. 

Problem 2 shows the complete design of a T-beam by this method 
while Fig. 4 gives the formula relating to p and K in such a beam, pn 
which Table 5 is based, and illustrates the stress relations. 

Steps in Design of Rectangular Beams with Compressive Reinforce- 
ment. — Compressive steel is introduced into a rectangular beam when the 
values of 6 and d are so limited by architectural considerations as to 
make the value of K from formula (104) greater than the value given 
in Table 3 (or Table 4) for the concrete stress permitted in the design. 

M 

K ~ (104) 

fed 2 

Since fe and d are both known the design steps are modified as follows: 

( 1 ) The weight of the member is known and the moments, shears and 
reactions have been computed. 

(2) Knowing d , the value of d'/d is closely established by the amount 
of covering required by the code. This should be taken as 0.02, 0.04, 0.06, 
etc., to 0.20 (whichever is the nearest tofcthe value computed). Enter the 
appropriate table 8 to 15 inclusive — for the concrete stress used in the 
design and under the proper value of d'/d locate the value of K found by 
equation (104). Record the corresponding values of p and p' for use under 
step (5). 

(3) and (4) are the same as in the rectangular beam. 

(5) The area of the tensile reinforcement is found from formula 
(103a) and the area of the compressive reinforcement from formula (105). 

A' a =zp'bd (105) 

(6) and (7) are the same as in the rectangular beam, with the added 
requirement of supplying the ties for the compressive steel. 

In Tables 8 to 19 for special refinement of design the change in the 
values of p and K for small increments of compressive reinforcement are 
found by interpolation, permitting any degree of accuracy warranted by the 
balance of the design or the number of like beams involved. Problem 2 
shows the complete design of a beam with compressive reinforcement by 
this simple method, while Fig. 5 gives the formulas relating to p, p' and K 
in such a beam, on which Tables 8 to 15 are based, and illustrates the 
stress relations. 

Problem 2. 

The T-beams of a beam-and-girder floor are spaced six feet apart on 
centers and are supported on concrete girders spaced 24 ft. in the clear. 
The live-load and the weight of the 4-in. floor slab total 300 lb. per sq. ft. 
The adjoining spans on either side are the same as this span. Design 
the beam both at the center and at the support in accordance with the 
Joint Code, using 3,000-lb. concrete and fire resistive construction. The 
depth of the beam is limited by architectural considerations to a maximum 
of 16 inches. 
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Solution: Assume the beam stem as 12 in. wide. The weight of the 
stem, below the slab, will he ( 12) ( 12) ( 150)/144 = 150 lb. per lin. ft. 
The load from the slab will be (300) (6) = 1,800 lb. per lin. ft. and the 
total load 1,950 lb. per lin. ft. 



Design at center (T-bearn ) . 

wP (1,950) ( 24 ) 2 ( 12 ) 

Moment at center, M c = = = 845,000 in. lb. 

16 16 


* = 4in. d= 16— (iy 2 + %(a) + %(&)) = 13.5 in. 
t/d = 4/13.5 = 0.30 

From Table 5, for 3,000-lb. concrete, p — 0.0108 and Kz= 192 


845,000 

By Formula (101) b = = 24.1 in. 

(192) (13.5) 2 

By Formula (103a)* A s =(0.0108) (24.1) ( 13.5 ) = 3.52 sq. in. = 2-1% 
in. sq. and 1-1 in. sq. 

From Table 1, width of beam = 9 % +( %(a> + 1(c) ) = 11^ in. (12 in. 
assumed above — O. K.) 

(8) (12) (1,950) 

By formula (102b) v— =165 lb. per sq. in. 


( = 0.055/' c («) ) 


(7) (12) (13.5) 


♦Formula (103b) may be used, as described on page 6. 
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This is less than 180,1b. per sq. in. (0.06/' c ) and special anchorage 
is not required for diagonal tension. The overhanging flange width is only 
6.1 in. on each side and is 0. K. Assume that 1-1% in. sq. bar will be 
bent up and the two remaining bars carried through in bottom. 

From formula (17) of the code the bond stress at the point of in- 
flection will be: 


(8) (7.2) (1,950) 

u = = 140 lb. per sq. in. (=0.047 f' c ) 

(7) ( 8.5 )«*)( 13.5) 

This is less than 150 lb. per sq. in. (0.05/' c ) and only ordinary anchor- 
age is required. 

Design at Support ( Rectangular Beam with Compressive Reinforce- 
ment). 

wl 2 (1,950) ( 24 ) 2 ( 1 2 ) 

Moment at support M = = = 1,124,000 in. lb. 

12 12 

b— 12 in. and d = 13.5 in. as determined above, d ' = 2.7 in. 

2.7 

d'/d = = 0.2 

13.5 

1,124,000 

By formula (104) K = = 513 

(12) ( 13.5) 2 

An examination of Table 13 show’s that K is too great and that the 
beam must be widened at the support. Try 5 = 20 in. 

1,124,000 

By formula (104) K— =308 

(20) ( 13.5) a 

From Table 13 using d'/d— 0.2; for A = 313; p' — 0.016 and p = 
0.0185. 

By formula (105) A' s = (0.016) (20) ( 13.5) = 4.32 sq. in. 

If the 1-1% in. sq. and 1-1 in. sq. in the bottom are lapped, an area of 
4.53 sq. in. will be provided. 

By formula (103a)* A g =(0.0185) (20) (13.5) = 5.00 sq. in. 

The 1% in. sq. bent up from the center and lapped across the support 
provides 2.53 sq. in. Two 1% in. sq. straight in the top will provide 2.53 
sq. in. or a total of 5.06 sq. in. 

The critical bond stress at the face of the support will be: 

(8) (12) (1950) 

u — =110 lb. per sq. in. (=0.037/' c ) requiring 

(7) (18.0) to (13.5) 

ordinary anchorage only. 

The increase of 6 to 20 in. at the support must be tapered down to 
the center width of 12 in. not nearer the support than that point where 
the moment is reduced to the value of the resisting moment of the doubly 


* Formula (103b) may be used, as described on page 6. 
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reinforced 12 by 16-in. section. This may generally be assumed from an 
inspection of the moment curve but may be computed as follows : 

For 2 — 1 y 8 in sq. and 2 — 1 in. sq. in bottom, 6 = 12 in. and d = 13.5 
in.; p' = 0.028 

For 4 — 1 y 8 in. sq. in top, 6 = 12 in. and d = 13.5 in.; p = 0.032 

The code permits only 2 per cent of compressive reinforcement to be 
considered effective and with d'/d = 0.2 the value of K from Table 13 is 
limited to 333. The maximum resisting moment of the 12 by 16 in. section 
is therefore: 

M = ( 333) (12) (13.5) a = 730,000 in. lb. 

The haunch may be terminated at a point 18 in>> from the face of 
the support where this negative moment is shown by Fig. 2. 

The unit shearing stress has been decreased by the increase in 6. At 
the support by formula (102a) : 


(8) (12) (1950) 

v = = 99 lb. per sq. in. 

(7) (20) (13.5) 

At the end of the haunch, by formula (1026). 

(8) (10.5) (1950) 

v = =145 lb. per sq. in. (=0.048/' ) 

(7) (12) (13.5) 

Only ordinary anchorage is required for either bond or diagonal ten- 
sion and the value of v c is 0.02/' c =60 lb. per sq. in. 

By formula (114) T c = (60) (%) (12) (13.5)= 8,500 lb. . 

At face of support V c =(60) (%) (20) ( 13.5)=14,200 lb. 

Compute the stirrups from the narrow end of the haunch toward the 
center of the beam as in Problem 1 and continue the next-to-end spacing 
for stirrups within the haunch. Formula (119) determines the value of 
a and is not affected by the haunch. In this case the stirrups are more 
than adequate to meet the code requirements for ties for the compressive 
reinforcement. 


Notes for Problem 2. 


(«) Allowance made for % in. stirrups. 

(*) Allowance made for 1% in. bar. 

(«) Allowance made for fire resistive construction. 

2 o for 1—1% in. sq. and 1—1 in. sq. bars = 8.5 sq. in. from Table 2. 
v ) Is. ote change in beam width and recalculation of v later in problem. 

VI So for 4—1% in. sq. bars = 18.0 sq. in. from Table 2. 
w May be computed as follows : 

Mx = 1,124,000 — 730,000 = 394,000 in. lb. = 32,800 ft. lb. 
wx 

= —-(l — x)= 975a?(24 — a?) 

Solving : x = 1.50 ft. «= 18 in. 


Steps in Design of T -Beams With Compressive Reinforcement . — 
T-beams may occasionally require compressive reinforcement in order to 
comply with the code limitations of 6 and still keep within an architec- 
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tural limitation on the beam depth or flange width. This case is slightly 
more complex but still simple under this method of solution. The limiting 
values of 6, d and t/d will be known. The steps are as follows: 

(1) Same as for ordinary T-beam, except that weight of beam stem 
is definitely determined. 

(2) From the values of b and d compute the required value of K 
by formula (104). Enter Table 10 (or Table 17, 18 or 19 according to 
the concrete stress used in the design) and record the value of p and K 
for the known value of t/d, using the three left-hand columns of the table. 
Subtract this K, which is the value for a T-beam without compressive 
reinforcement, from the total K found from formula (104). The remainder 
is the value of K which must be added by the compressive reinforcement 
and its balancing additional tensile reinforcement. Under the proper value 
of d'/d locate the value of K equal to this remainder and record the cor- 
responding values of p and p'. Add the two values of p together to get 
the total percentage of tensile reinforcement for the beam. 

(3) Same as ordinary T-beam. 

(4) Same as ordinary T-beam except that the values of b and of the 
weight need not be checked. 

(5) Compute the area of tensile reinforcement from formula (103a) 
and of the compressive reinforcement from formula (105). 

(0) and (7) are the same as in the rectangular beam. In Tables 16 
to 19 the change in the values of p and K for small increment of compres- 
sive reinforcement may be computed readily by proportion, permitting very 
accurate interpolation where conditions warrant. 

Problem 3 shows the complete design of a T-beam with compressive 
reinforcement by this simple method. Fig. 6 gives the formulas relating 
to p, p' and K, on which Tables 16 to 19 are based and illustrates the 
stress relations. 


Problem 3. 

A floor has standard pans 8 in. deep by 20 in. wide and 2-in. concrete 
top slab. The clear span between joist supports is 20 feet. 


Live Load = (2.08) (50) 
Top Slab = (2) (25) 


Joist Stem 


=m 


( 8 ) 


= 104 
= 60 

= 48 


Susp. Ceiling =(2.08) (10) = 21 

Wood Floor on Fill = (2.08) (20) = 42 
Partitions = (2.08) (35) = 73 

Total Load per lin. ft. = 338 


The loads on the typical joist 
are as given to the left, and 
the design provides joists 5 in. 
wide and 25 in. on centers. A 
storage room requires a num- 
ber of joists to be designed for 
a live load of 250 lb. per sq. ft., 
the other loads remaining as 
before except that the partition 
load may be considered as in- 
cluded in the heavier live load. 


The depth of the construction must remain 10 in. as before for architec- 
tural effect on the ceiling of the room below. Design these special joists, 

using compressive reinforcement if necessary, with 2,000-lb. concrete. 
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Solution: For the typical joists the design at the center is sum- 
marized as follows: 


2 

d= 10 — (1 <“> + y±<V -f- y 2 ( c >) — 8.25 in. t/d — =0.24 

8.25 

From Table 5, for 2,000-lb. concrete, p = 0.0065 and Kz= 117 
(338) ( 20 ) 2 ( 12 ) 

6 = =12.7 in. A 8 = (0.0065) (12.7) (8.25) = 0.68 sq. 

(16) (117) (8.25) 2 

in. = l-% in. rd. and 1 ~y 2 in. sq. 

Width of joist from Table l = 4 7 / 10 -f y 2 (*> = 4 15 / 1( , in. (5 in. used). 
The loading on the store room joists will be increased by (250) (2.08) 
= 520 lb. per lin. ft. and decreased by (2.08) (85) = 177 lb. per lin. ft., 
the net increase being 343 lb. per lin. ft. and the final load on these joists 
681 lb. per lin. ft. For this load: 


(681) (20) 2 ( 12) 

& = — = 34.3 in. This is greater than the avail- 

(12)( d > (117) ( 8.25) 2 

able width of 25 in. and compressive reinforcement is required. 

Design of T- Joist with Compressive Reinforcement 
(681) ( 20 ) 2 ( 12 ) 

Moment at Center = = 272,400 in. lb. 

1200 


272,400 

& = 25in. d = 8.25 in. Therefore K = =160 

(25) (8.25) 2 
2 

From Table 16, left portion, with t/d— = 0.24, Jl= 117 and 

8.25 

p = 0.0065. 

The deficiency in K is therefore 160 — 117 = 43 

1.63 

d' = l(*> +%<*> +%» = 1% in.; d'/d = =0.2 

8.25 

From Table 16, right portion, using d f /d — 0.2 we find that K = 42 
when p' = 0.010 and p = 0.0026. 

The total percentage of tensile steel is 0.0065 -|- 0.0026 = 0.0091. 

By formula (103a)* A s =(0.0091) (25) (8.25)= 1.88 sq. in. 

This requires a joist about 8 in. wide and the design must be revised 
for the extra dead- and live-load, as follows: 

(781) ( 20 ) 2 ( 12 ) 

Live load =(2.33) (250) =583. Mom. at center = 


Top Slab =(28) (2) 
Joist stem = (®±22) 


= 56. = 312,400 in. lb. 


12 


(8)= 72. 6 = 28 in. d = 8.25 in. K = 
= 164. 


312,400 
(28) (8.25) 8 


♦Formula (103b) may be used, as described on page 6. 
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Susp. Ceiling — (2.33) (10) =23. Deficiency in iT = 164 — 117 = 47. 

Wood Floor on fill =(2.33) (20)= 47. 

Total load per lin. ft. = 781. From Table 16, p' = 0.012 and p = 

0.0031. 

The total percentage of tensile reinforcement is: 
p = 0.0065 + 0.0031 = 0.0096. 

By formula (103a)* A s =(0.0096) (28) (8.25) = 2.22 sq. in. = 2 — 1 
in. rd. and l- 7 / 8 in. rd. in bottom. 

From Table 1, required width of joist = 5 % -f- 2 8 / 16 y 2 — 8 3 / 16 in. (e) 
By formula (105) A' s =(0.0031) (28) (8.25) =0.72 sq”. in. =\-% in. 
rd. and l-% in. rd. in top. 


By formula (102a) v = 131 = 0.066/'* 

(7) (8.25) <•> (8.25) 

This requires special anchorage of reinforcement. The design of the 
joist at the support and of the web reinforcement, follows the same pro- 
cedure as shown in Problem 2, and will not be repeated here. The flared 
joist furnished by tapered end-pans will provide the necessary joist width 
at the support with compressive reinforcement and will reduce the shear- 
ing unit stress. 

The deflection should be investigated and a camber placed in the forms 
to equalize the final deflection of the typical and special joists. 

(240) 2 

For the typical joist, D = (0.0625) ( ) (0.00092) = 0.40 in. 

8.25 

, (240)* 

For the special joist, D =(0.0833) ( ) (0.00107 )= 0 62 in 

8.25 


The formwork for the special joists should be cambered 0.22 in. more 
than that for the typical joists in order to keep a level ceiling. 


Notes for Problem 3. 

Jf? Allowance made for ordinary construction. 

Allowance made for y 4 in. rd. stirrups. 

< c > Allowance made for one-lialf of % in. bar. 

(d > Moment at center increased to on account of special loading. 

Width of joist at level of bottom reinforcement <=*8^4 in. 


Combined Bending and Direct Compression.— I have developed no new 
methods for the design of members subject to bending and direct compres- 
sion. In general, it is not possible to maintain “balanced reinforcement” 
in such designs and each diagram must cover a considerable range of 
stresses both in steel and in the concrete. Diagrams of this same nature, 
that have been published heretofore, have generally covered too narrow a 


♦Formula (103b) may be used, as described on page 6. 
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Formulas for Design Values of p and K. 




FIG. 5. — RECTANGULAR BEAMS WITH 
COMPRESSIVE REINFORCEMENT. 



FIG. 4. T-BEAMS. 



FIG. 0. T-BEAMS WITH 


COMPRESSIVE REINFORCEMENT. 
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range to be fully adequate for design. Diagrams 20 to 65 cover both circu- 
lar and rectangular sections for Cases I and II to the full limits of steel 
ratio permitted by the code, for 2,000, 2,500, 3,000 and 3,750-lb. concrete 
(and for 5,000-lb. concrete in circular sections) and for ratios of d'/t up 
to 0.2. All these diagrams have been newly computed for this paper. So 
far as I know, this is the first time that diagrams for 3,000, 3,750 and 
5,000-lb. concrete have been prepared. The essential formulas are given 
below and Problems 4, 5 and 6 illustrate their application. For the deriva- 
tion of the formulas and a complete descriptive text the treatment of this 
subject in “Structural Members and Connections,” t pages 526 to 567, is 
recommended as probably the most complete of the available discussions. 

Special Notations for Bending and Direct Compression. — New symbols, 
as used in the formulas, diagrams and problems, have the following 
significance: 

e z=z distance from point of application of N to gravity axis of 
section. 

N = component, normal to section, of all forces acting on it. 

L, Q, Z , R t = expressions introduced to reduce labor of computations. 

p 0 z=z ratio of total area of symmetrically placed reinforcement to 
gross area of rectangular sections or to core area of 
circular columns. 

r = distance of c. g. of steel area near compressive face of rec- 
tangular section to gravity axis. 
r ~ radius of circular core. 
t = total depth of rectangular section. 

Design Formulas for Bending and Direct Compression. — For either 
round or rectangular sections the condition in which the entire cross sec- 
tion is in compression is designated as Case I. The condition in which part 
of the section is in tension is designated as Case II. Only symmetrical 
arrangement of reinforcement is covered by the design diagrams and the 
steel must be equally divided between the two faces in the case of rectangu- 
lar sections. The usual design formulas follow: 

Round Sections — Case I* 


NQ 

Maximum stress in concrete, f e = (106) 

7 rr 2 

The value of Q is taken from Diagrams 20, 21, 22, 23 or 24. 


Round Sections — Case II* 

Ne 

Ri= (107) 

7 r r 8 

R* 

Stress in concrete, f c — (108) 

R t 


fc 


* Formulas for circular sections are based on a solution by Mr. C S Whit- 
ney, Consulting Engineer, Milwaukee, Wisconsin. 

t See Hool and Kinne’s “Structural Members and Connections.” 
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Values of — and of — are taken from Diagrams 25, 26, 27, 28 or 29. 


Problem 4 illustrates the application of these formulas and diagrams to 
design. 

For rectangular sections it must first be determined whether the solu- 
tion falls under Case I or Case II. Case I formulas and diagrams must 
be used when the existing value of e/t is less than the value of ejt com- 
puted from the formula (110). 


The value of Z is taken from Diagrams 30 to 45 for various values of 
d'/t from 0.05 to 0.2. Problem 5 illustrates the application of this formula 
and these diagrams to design. 

Rectangular Sections — Case II. 


The value of L is taken from Diagrams 50, 55, 60 or 65 after the value 
of k has first been determined from Diagrams 46 to 49, 51 to 54, 56 to 59 
or 61 to 64. Problem 6 illustrates the application of these formulas and 
diagrams to design. 

The formulas for Q, Z and L may be found in the text referred to 
above as well as a full statement of the steps to be taken in design and 
formulas for the general case of non-symmetrical reinforcement for which 
complete design diagrams are not available. 


A spiral column carrying 400,000 lb. of direct load including its own 
weight, is also subject to 4,800,000 in. lb. bending moment. Design the 
column in accordance with the 1928 Joint Code with 3,000-lb. concrete, and 
determine the principal stresses. 

Solution: Assume a 36-in. diameter column with a 32-in. round core 
and p r= 0.04. 


Tensile stress on steel, f s = R 1 

R, fs 



(109) 


ic 


R i 


e 



( 110 ) 


t 6(l+np 0 ) 

Case II formulas and diagrams must be used when it is greater. 
Rectangular Sections — Case I. 


NZ 


Maximum stress in concrete, f c = 

It 


( 111 ) 


Stress in concrete, f c — 


( 112 ) 


WL 


d 


Tensile stress in steel, f s =nf c ( 


1) 


.(113) 


kt 


Problem 4. 


4,800,000 


r 16 


400,000 


12 in. 


— = — = 1.33 
e 12 
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This is obviously Case II, since e is so large. 

From Diagram 27, upper portion: R x /f c —0.296. 

From Diagram 27, lower portion: f s /R x = 18.0 

M 4,800,000 

By formula (107) R 1= = — — =373 

irr 8 (3.14) (16)» 

373 

By formula (108) / c = = 1,260 lb. per sq. in. 

0.296 

(1,530 lb. per sq. in. is permitted by code without wind allowance.) 

By formula (109) /. =(18.0) (373)= 6,720 lb. per sq. inf 

The core area by Table 105 is 804.2 sq. in. 

The steel area will be: 

— (0.4) (804.2)=32.2 sq. in.= 21-li4 in. sq. bars spaced uni- 
formly inside the spiral. 

The spiral will be determined by the design of this same column for 
the direct load only by the method shown in Problem 9. 

Problem 5. 

A rectangular tied column, whose lesser dimension is limited to 20 in. 
carries a direct load of 800,000 lb. including its own weight and is also 
subject to a bending moment of 2,400,000 in. lb. acting in a plane perpen- 
dicular to the longer dimension of the column. Design the column in 
accordance with the 1928 Joint Code with 3,000-lb. concrete, and deter- 
mine the principal stresses. 

Solution: From the limit given in the problem, t = 20 in. Assume 
p = 0.02 and d' = 0.15f, making r=0.35t. 

2.400.000 e 3 

e = = 3 in. — = — = 0.15 

800.000 t 20 

e 1 +(120) (.02) (.35)* 

By formula (110) — = .18 

t 6 +(60) (.02) 

e 

This computed value of — is greater than the existing value by the 
t 

conditions of the problem and the diagram for Case I (Compression over 
entire section) apply. 

From Diagram 40, Z = 1.52. 

(800,000) (1.52) 

By formula (111) b 45 in 

(1,350) (20) 

The concrete stress is 1,350 lb. per sq. in. as used in solving formula 
(111) above. The steel stress will be low since no tension occurs. 

A column 45 in. wide by 20 in. deep is required for bending but it 
must be made 50 in. wide to carry the direct load. 
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The steel area will be: 

A s = (0.02) (50) (20) — 20 sq. in. = 20-1 in. sq. bars placed sym- 
metrically with ten 1 in. sq. bars at each face. 

The value of d’ will be 2 + y 2 = 2.50 in. and d' = 0.125* which checks 
the value assumed. 

The ties will be rd. at 12 in. o.c. and provided with legs 

through the center of the column in each direction in addition to the 
outer tie enclosing all the bars. 


Problem 6. 

A square tied column carries a direct load of 200,000 lb. including its 
own weight and is also subject to a bending moment of 4,000,000 in.-lb. 
Design the column in accordance with the Joint Code with 3,000-lb. con- 
crete, and determine the principal stresses. 

Solution : Assume a column 26 in. by 26 in. and assume p = .03. By 
this assumption, t = 26 in. and d f - r2.6 in. = 0.l£ allowing 2-in. fireproof- 
ing. 

4,000,000 e 20 

e = = 20 in. — — — — 0 77 

200,000 t 26 

e 1 +(120) (.03) (.40) 2 

By formula (110) — = — — 0.20 

t 6 + (60) (.03) 

This is Case II, since 0.20 is less than 0.77 
e 

From Diagram 57, with — = 0.77 and p = .03; k = 0.49 

t 

From Diagram 60, Part I, with p = .03 and fcr=0.49; L = 0.18 


4,000,000 

By formula (112) / c = = 1,263 lb. per sq. in. 

(26) (26)*(0.18) 

A slightly smaller value of p may be determined by trial to give a 
higher concrete stress if it is desired to use the full 1,350 lb. per sq. in. 
permitted by code when wind load is used. 

The steel area will be: 


A a — (.03) (26) 2 = 20.3 sq. in. = 13-1*4 in. sq. bars 
Since the concrete stress is low we may use 12-1 % in. sq. bars and 
secure a symmetrical arrangement of the bars. 

By formula (113) the tensile stress in the steel will be: 


/s =(10) (1,263) 


r— -> 

L (0.49) (26) J 


1 1= 10,550 lb. per sq. in. 


Web Reinforcement— General— The last step in the calculations for 
each of the four types of beams calls for the design of the web reinforce- 
ment. In this paper all formulas for the design of web reinforcement are 


22 Design and Cost Data for the Building Code. 


Basis of Formulas for Web Reinforcement. 


fig. 7. — shear diagram fob 
uniform load only. 








\Z m c/eor span 



L ode/ D/agram 




CaseJE 


« a \ 
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fig. 9. — SHEAR diagrams with 

CONCENTRATED AND UNIFORM LOADS. 



CASES II AND III. 


I ( ENLARGED FROM FIG. 9 ) . 
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based on the vertical shears in the usual manner. The web reinforcement 
computed from them will be adequate in amount and properly arranged to 
resist the diagonal tensile stresses which occur in the web. In Fig. 7 and 
Fig. 9 are shown the three shapes of areas that may occur in the shear 
diagram between the axis and the shear curve. Each area represents the 
total shear to be resisted by the web concrete and reinforcement. In Fig. 7, 
with uniform load only on the beam, these areas are shown to be triangles. 
1 his is designated as Case II and is a special form of the general trape- 
zoidal case. In Fig. 9, with both uniform and concentrated loads on the 
span, these areas are trapezoids. At the left, the minimum shear at the 
low end of the trapezoid is greater than V c , the safe resistance of unre- 
inforced web concrete. This is designated as Case I. On the right the mini- 
mum shear at the low end is less than V c . This is designated as Case III. 
Fig. 8 illustrates the law governing stirrup spacing. Fig. 10 is introduced 
to aid anyone who wishes to check the formulas in the following treatment 
but is of no interest otherwise. 

In design by the Joint Code, the area under the shear curve is con- 
sidered as made up of two parts. The first part is the resistance of the 
concrete itself at the unit shearing stress permitted by Section 306 of the 
Code. This shear resistance at any section is determined by formula (114). 


In Figs. 7 and 9, this value of the shear on the concrete, V c is laid off 
and a line drawn parallel to the axis, defining the area (shown by diag- 
onal cross-hatching) which represents the portion of the total area under 
the shear curve which may be considered as carried by the concrete without 
the aid of web reinforcement. This leaves the second part of the area 
under the shear curve (shown in Figs. 7 and 9 by vertical cross-hatching) 
as the measure of the shear resistance which must be provided by the web 
reinforcement. 

For vertical stirrups, the total resistance, s V', with N stirrups, is 
found by formula (115). 

2V' = — N A J v d (1 15) 

8 

For inclined stirrups, the total resistance, 2 V', is found by formula (116). 

7 

%y'= — NAJ v d cosec a (116) 

8 

The value of 2 V' is the vertically -hatched area under the shear dia- 
gram and should be computed taking the shear in pounds and the distance 
along the axis in inches. From this, the number and size of stirrups may 
be computed by formulas (115) and (116). Using the stirrup steel stress 
permitted by the code (16,000 lb. per sq. in.) and transposing, formulas 
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(115) and (116) reduce to forms convenient for design as given in for- 
mulas (117) and (118). For vertical stirrups, 

2 V' 


NA 

14,000d 

For inclined stirrups, 

2F' sin a 

NA v = 

14,000rf 


(117) 


(118) 


in which A f = right cross-sectional area of a single stirrup (both legs of 
a U-stirrup) and a wangle between the stirrup and the horizontal. 

Table 67 gives all values of NA^ for 1 to 20 U-shaped stirrups of the 
usual sizes, for use with formulas (117) and (118). In using Table 67, 
the maximum permissible size of stirrup for any value of d should be 
determined from Diagram 66. If larger stirrups are used, the anchorage 
must be increased or the stress decreased. In any case the area 2F' (the 
vertically-hatched portion in Fig. 7 or Fig. 9) must be computed, taking 
the shears in pounds and distances along the beam axis in inches. In this 
computation the distance, a, along the axis, requiring web reinforcement 
must be determined. In Case I, a is equal to the distance from the face of 
the support to the load; or if a trapezoid between two loads were involved, 
a is equal to the base of the particular trapezoid under the shear curve for 
which stirrups are being designed. For Case II, with a triangular area 
under the shear curve, the value of a is found from formula (119). 


a 



(119) 


in which c_ the base length of the triangle in inches. For Case III in 
like manner (see Fig. 9 and Fig. 10) the value of a is given by for- 
mula (120). J 



Spacing of Stirrups .— Having calculated the number and size of stir- 
rups required as shown above the spacing must be determined. Each 
stirrup should be so located as to take care of two equal unit trapezoids 
under the shear curve (see Fig. 8 in which a lt a 2 , a 3 , etc., are the equal unit 
areas, each equal to s V' + 2N) and should therefore be located at the 
junction line between these areas, for example between a„ and a 2 , a 3 and a 4 , 
etc. The distances from the high end of the trapezoid under the shear 
curve to these points are designated x u a?,, ® 5 , etc., and are determined by 
formulas (121), (122), etc.: 
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x 3 


a 




V\ V / F >+ F a W 3 \ 

— V\) \V\ — P' 2 /\ 2 N ) 


..( 122 ) 


and so on, the number in the numerator of the final fraction in each for- 
mula corresponding to the subscript of x. Diagrams 69, 70 and 71 give 


X v X 3 X 5 

values of — , — , — , etc., for all variations in the ratio of and for 1 to 

a a a y* 


20 stirrups. Having determined a, by formula (119) or (120) or directly 
from the shear diagram, the distances to the stirrup locations are taken 
directly from Diagrams 69, 70 and 71, using 72 as an aid, as explained in 
the instructions for their use. 

With uniform load only on the beam, Case II, the values of and of 
V'i x x x 3 

become zero and the values of — , — , etc., appear on the lower line of 

a a 


each section of Diagrams 69, 70 and 71. These same values are arranged 
in Table 68 with spacing grouped in the usual practical manner, and afford 
an especially rapid but accurate computation of stirrup spacing for uniform 
load. 

Total Number of Stirrups.— The number of stirrups, N, found from the 
diagrams is the theoretical minimum number necessary to provide the 
required resistance, 2 V'» In the final design account must be taken of the 
limitations imposed by Section 804 of the Code. If the theoretical spacing 
is written down as it is read from the diagram a casual inspection will 
show how many stirrups must be added to comply with the rules governing 
maximum stirrup spacing. Problem 7 shows the complete solution of a 
general case, including the consideration of extra stirrups to meet these 
rules, while Problem 1 shows a solution using Table 68. 

More Than 20 Stirrups Required .— For this case the designer will gen- 
erally resort to a UU-shaped stirrup rather than to use too close a spacing. 
More than twenty stirrups to a single trapezoid under the shear curve is 
ordinarily undesirable. With UU-stirrups the values in Table 67 will be 
doubled. If, however, the designer desires to use more than 20 stirrups he 
may proceed as indicated in Fig. 11, dividing the original trapezoid into 
two smaller ones and making two solutions. If the lower trapezoid repre- 
sents the shear value of 20 U-stirrups, the spacing in the higher of the 
two trapezoids may be considered as uniform and equal to the value by 
formula (123). 

14,000 .4„ dx 


in which 2 V’ ia the area of the higher of the two trapezoids. The end 
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8 

spacing will be — . The division point in Fig. 11 will be at a distance, 
2 

x, from the high side of the original trapezoid determined by formula 
(124). 





Bent-up Bars as lYeb Reinforcement. — Fig. 12 illustrates the common 
case of a bar bent up in crossing from the bottom of the beam to the top 
of the beam. Under the Joint Code such a bar may be considered as effec- 
tive web reinforcement over the center three-quarters of its sloping portion 
and to have a value over this distance, a 2 , determined from formula (125). 

V’ = 16,000A V sin a (125) 

In Fig. 12 the unshaded area represents the portion of 2F' taken by this 


A /o /Vo of stirrups req'd. 


1—1 



; 

N-20 
Stirrupe (° r 
d)/s area 

. 20 Stirrups for 

ftiis area 



MW,Cor 




« X V 

fl 7 



Original Trapezoid under- Stieor 
Curve ( Co divided) 



SmaJ/ Trapezoid Smo// Trapezoid 

for N'-20Sh'rrups for 20 Stirrups 

Division info Two Tropezoids 


FIG. 11. METHOD OF APPLYING SPACING DIAGRAMS WHEN MORE THAN 

TWENTY STIRRUPS ARE USED. 


bar, leaving the two trapezoids, 1 and 2, and the triangle, 3, to be rein- 
forced by stirrups. Values of V' for bars bent up at various slopes are 
given in Diagram 73. Problem 7 shows the complete design of a beam in 
which such a bent-up bar provides a portion of the web reinforcement at 
one end. 


Problem 7. 

For purposes of comparison design the web reinforcement at one end of 
the beam shown by Figure 13, (a) using vertical stirrups and (b) using 
bent-up beam bars in conjunction with stirrups. Assume 2,000-lb. concrete 
in each case. 

Solution: The beam is 12 by 36 in. For fire resistive construction 
^ = 36 — (iy 2 + !£ + %)= 33.4 in. 

By formula (114) V c =(0.02) (2,000) (%) (12) (33.4)= 14,000 lb. 

Laying this off from the shear axis as shown in Fig. 13 the value of 
V\ is 15,000 and of V' 2 = 12,150 and the ratio is: 
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V\ 12,150 

= —0.81 

F'l 15,000 

This is Case I and the value of a is 76 in. by inspection. 

(a) Design JJsing Vertical Stirrups . — The area under the shear curve 
to be carried by the vertical stirrups, shown vertically-hatched in the dia- 
gram is: 


From Diagram 66 the maximum size of vertical stirrup for d = 33.4 
and 2,000 lb. concrete is % in. rd., if plain, or y 2 in. rd., if deformed. Use 


FIG. 12. — BENT-UP BARS IN CONJUNCTION WITH STIRRUPS. 
V'l in. rd. deformed bar for stirrups. By formula (117) 


From Table 67, G-y 2 in. rd. U-stirrups provide 2.36 sq. in. Enter Dia- 
gram 69, using the second section from the bottom (for 6 stirrups); the 
distance from the face of the support for V\ F'i = 0.81 are: 

1st stirrup = 0.08a = (0.08) (76)= 6 in: Stirrup spacing 6 in. 

2nd stirrup = .24a = ( 0.24 ) ( 76 ) = 18 in. Stirrup spacing 12 in. 

3rd stirrup = .39a = (0.39) (76)= 30 in. Stirrup spacing 12 in. 

4th stirrup = .56a = ( 0.56 ) ( 76 ) = 43 in. Stirrup spacing 13 in. 



12,150+ 15,000 



2 



Z * c/ear span 






1,030,000 


NA V : 


- = 2.21 sq. in. 


(14,000) (33.4) 
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5th stirrup = .74a = (0.74) (76)= 56 in. Stirrup spacing 13 in. 

6th stirrup = .91a = (0.91 ) (76) = 69 in. Stirrup spacing 13 in. 

(8) (29,000) 

Since us=— - = 83 lb. per sq. in. ( = .042f' c ) the maxi- 

(7) (12) (33.4) 

mum spacing by section 804 of the code is (%) (33.4) = 25 in. and the de- 
sign is satisfactory, calling for 6-*4 in. rd. U-stirrups spaced 6 in., 2 at 

12 in., 3 at 13 in., starting at the face of the support at each end of the 

span. 

(b) Design Using Bars Bent-up in Single Plane . — By section 805c of 



FIG. 13. — STIRRUPS VS. BENT-UP BARS (PROBLEM 7). 


the code, only the center three-quarters of the sloping portion may be con- 
sidered effective as web reinforcement. 

It will generally prove wasteful to attempt to bend the bar so that the 
effective zone will cover the entire 76 in. that requires web reinforcement. 
The points of bend would have to lie (1/6) (76) = 12.7 in. inside the face 
of the support and beyond the load point, so that the bar would be of very 
little value as tensile reinforcement at sections of maximum negative and 
positive moment. It will be better to add stirrups at either end of the 
trapezoid and make the upper point of bend 20 in. outside the face of the 
support and the lower point Of bend 15 in. inside the load point (see 
Fig. 13) where the moments are such that this steel may be bent down 
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without requiring extra tensile reinforcement. The length of the “run” 
of the bar (Diagram 73) will be 76 — ( 15 -f- 20)= 41 in. The “rise” will 

41 

be 36 — [(2) (2.6)]= 30.8. Ratio of “run” to “rise” = =1.33. From 

30.8 

Diagram 73, lower part, the value of 1 — 1 in. rd. bar at this ratio is 7,500 
lb. and 2—1 in. rd. bars will be required to carry F' a = 15,000 lb. 

The zone, a 2 , in which these bars are effective will end at (%) (41) = 
5.1 in., from the points of bending of the bar and will be 41 — [(2) (5.1)] 
= 30.8 in. wide located as shown in Fig. 13. The 25.1 in. at the support 
will require 2 in. rd. U’s while the 20.1 in. next to the load point will 
require 2 in. rd. U’s, as is readily determined by the stirrup design 
already made. The stirrup spacing from the face of the support may be 
taken as 6 in., 12 in., 38 in., 13 in. from the previous stirrup design. 

A computation of the stirrups required by the small trapezoid 2 will 
give a check on the results as follows : 

27 = ^ J (20.1) = 252,000 in. lb. 

252,000 

NA. V — o.54 sq. in. = 2-Vo in. rd. 

(14,000) (33.4) 

F'a 12,150 

= = 0.94 a = 20.1 in. 

V\ 12,900 

From Diagram 69 the distance from edge of zone covered by bent-up 
bars to first stirrup =(0.25) (20.1)= 5 in. 

To second stirrup =(0.75) (20.1)= 15 in. 

Revised spacing of stirrups will be 6 in., 12 in., 43 in., 10 in. 

Two-way Slabs Supported on Beams.— Diagram 74 gives the load dis- 
tribution for design strips (commonly taken as 12 in. wide) in each direc- 
tion in ordinary slabs supported on beams on all four edges. The design 
of the unit strips within the middle half of the clear span in each direction 
employs the same moment coefficients as are used for beams under the same 
general conditions of loading, support and restraint. In the outer quarters 
the reinforcement is permitted to be reduced to one-half of that required in 
the parallel middle strips. The supporting beam must be designed to carry 
in addition to its own weight and superimposed live load a uniform load 
throughout its length equal to the load per foot brought to it by the middle 
strips on either side. No reduction in live load is permitted on beams 
supporting two-way slabs, even though such reduction may be used under 
the code for beams supporting one-way slabs. The design of the strips is 
the same as the design of rectangular beams. 

Quantities of Concrete , Formwork and Reinforcement.— In the design 
of beams and T-beams architectural considerations, such as unobstructed 
head room, arrangement of beams on ceiling, etc., are so important that 
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the range in beam sizes and proportions, even in buildings of the same 
span and floor load, is considerable. I have not attempted, therefore, to 
give any formulas or diagrams for quantities of materials required in the 
beam-and-slab types of structure. Part II of this paper, however, gives 
tables of quantities from actual designs for quite a wide range of panel 
sizes, live loads and concrete strengths. In the case of columns, likewise, 
there is ordinarily some architectural limitation on size that introduces 
wide diversity in designs for the same vertical load, and there is very 
commonly some bending moment present to modify the final design. It is 
therefore difficult in this case also to prepare any formulas or diagrams for 
quantities of materials that would be generally applicable. Where mem- 
bers can be standardized, as is the case with flat slab floors and with 
spread footings, it is not difficult to prepare diagrams giving quite closely 
the volume of concrete, area of formwork and weight of reinforcing steel 
required for typical design conditions. 

For flat slab floors each design diagram is followed on the facing page 
by a quantity diagram for the same conditions. The quantities of concrete, 
formwork and reinforcement required for a design taken from Diagram 
77, for example, may be read directly from Diagram 78. For square spread 
footings the same arrangement has been followed. The quantities for a 
design selected from Diagram 112, for example, may be taken directly from 
Diagram 113 on the facing page. In the case of footings this offers the 
additional advantage that the excavation required by the contractor may be 
taken from the design diagram (making proper allowances for the space 
occupied by the formwork) in the same operation without turning a page. 

In using quantity diagrams allowance must always be made for extra 
concrete if a slab is made 8*4 inches thick where the design diagram calls 
for 8.2 inches, for example. The diagrams are right, but the actual design 
may vary slightly from the theoretical and a corresponding allowance must 
be made by the estimator. In the same way some allowance should always 
be made for extra steel in cases where the steel area from the diagram does 
not divide evenly into bars. The diagram may call for 6.8, %- in. round 
bars, but the design will call for seven, and the estimator must add for this 
contingency. It is impossible to make such allowances in the diagrams 
since one designer may use ^-in. round bars while another may use %-in. 
round bars, and the allowance would be different. 

These quantity diagrams are useful to the designer as well as to the 
estimator. It enables the designer to study the relative economy for dif- 
ferent concretes, varying spans and soils of unequal bearing power, with a 
great saving in time and labor. In using quantity diagrams for compara- 
tive purposes in design it is not necessary to make any allowances, as men- 
tioned in the last paragraph, since these allowances will balance very 
closely and will not affect the comparisons materially. 

Flat Slab of Standardized Proportions . — The Joint Code properly per- 
mits a wide latitude in the proportions of flat slab floors, to permit of 
columns without capitals, or without drops, or with unusually large or 
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small capitals, such as frequently are required. For the usual run of 
factory buildings, however, a standardized design is entirely acceptable and 
will save much labor. I have used a column capital diameter equal to 
0.225 l in Diagrams 79, 83, etc., while in Diagrams 77, 81, etc., the capital 
size varies from 0.225 l to 0.25 l according to standard metal column form 
used. Diagrams 79, 83, etc., may be used with wood column capital forms 
where no standards govern but only Diagrams 77, 81, etc., should be used 
for circular capitals formed in metal molds in the usual way. The side of 
the square dropped panel is taken as 0.35 l in all cases. The depth of the 
dropped panel below the slab is taken as one-half the slab thickness in all 
cases. The following moments are taken which lie within the values given 
in table in Section 1003 of the code: 

Two-way system Four -way system 

-M c = 0.47 M 0 ; + Me = 0.21 Mo - Me = 0.51 Mo; + M c =0.20 Mo 

-Mm = 0.16 Mo; + M w = 0.16 Mo - Mm = 0.09 Mo; + Mm = 0.20 Mo 

This distribution of the total bending moment gives somewhat different 
values for the square four-way panel than those stated in Section 1004c 
of the code, which is merely one of several distributions permitted. The 
distribution used in the diagrams and tables of this paper results in a 
simpler design for the standardized proportions. Designs made in accord- 
ance with this office standard may be taken direct from Diagrams 77, 79, 
etc., in accordance with the instructions under Table 75, for all cases of 
square interior flat slab floor panels surrounded by other panels of approxi- 
mately the same size. Problem 8 shows a complete design for such a panel 
for both two-way and four-way systems. The length of bars in the various 
bands must be determined from the provisions of Sections 1007 to 1010 of 
the Joint Code. 

Where exterior panels in flat slab floors are of the same size and 
shape as the adjoining interior panels and have regular column capitals, 
the column strip or direct band lying partly in the interior panel and 
partly in the exterior panel will be the same as for an interior panel by 
Table 75. The middle strip of a two-way system parallel to the wall will 
be the same as for an interior panel by Table 75. The column strip or 
direct band along the wall will be (proportional to its width) the same 
as a similar interior strip or band except as affected by the provisions of 
Section 1012 of the code. The top band across the direct band, and extend- 
ing from an interior to an exterior panel, and also extending between two 
exterior panels will be the same as for an interior panel by Table 75. The 
remaining design strips or bands will take the reinforcement called for by 
Table 76. The slab thickness, drop thickness, etc., will be governed by 
Table 75 and Diagrams 77, 79, 81, etc., to 91. 

For rectangular, irregular or special panels, the tables and diagrams 
are not applicable and the usual complete design process must be resorted 
to. Even for such cases, however, the diagrams afford an excellent basis 
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for judgment in assuming slab thicknesses, etc., or in making rough 
estimates. 

Problem 8. 

Design the typical square interior and exterior panels of a flat slab 
floor (a) with four -way reinforcement and (6) with two-way reinforce- 
ment, assuming 2,000-lb. concrete. The wall columns have a half regular 
column capital. Use a live load of 200 lb. per sq. ft. and the Joint Code, 
with standard steel capital forms. All panels are 21 ft. by 21 ft. c. to c. of 
columns. 

(a) Design with Four-way Reinforcement. — Solution: Diagram 77 in 
conjunction with Tables 75 and 76 give the design as follows: 

From Diagram 77 for a 21 ft. square panel: 

Side of square dropped panel = 7 ft. 4 in. 

Slab thickness for 200-lb. LL = 8% in. 

The column capital will be 5 ft. in diameter. 

Basic steel area for 200-lb. LL = 1.58 sq. in. 

From Table 75: 

Dropped panel thickness = ( % ) ( 8% ) = 4% in. 

This makes the dropped panel, 7 ft. 4 in. by 7 ft. 4 in. by 4% in. 

Each top band, A g = 1.58 sq. in. = 8 - 1 /* in. rd. bars. 

For the typical interior panel: 

Diagonal band — bent bars, A g =(0.67) (1.58)= 1.05 sq. in. = 6- 1 / 2 
in. rd. 

Diagonal band — straight bars, A g = 1.58 sq. in. = 8 in. rd. 

Direct band — bent bars, A g = 1.58 sq. in. = 8 -% in. rd. 

Direct band — straight bars, 

A s =(1.22) (1.58)= 1.93 sq. in. = 10-y 2 in. rd. 

From Table 76, for the typical exterior panel: 

Top band at and perpendicular to wall, 

A s =(0.625) ( 1.58) = 0.99 sq. in. = 5-^ in. rd. 

Diagonal band — bent bars, 

A s =(1.13) (1.58)= 1.79 sq. in. = 9-i/ 2 i n . r d. 

Diagonal band — straight bars, 

A g =(0.75) (1.58)= 1.18 sq. in. = 6 -% in. rd. 

Diagonal band — top bars over exterior col. head, 

A s =(0.22) ( 1.58)= 0.35 sq. in. = 2-% in. rd. 

Direct band, perpendicular to wall, — bent bars, 

A s =(1.67) (1.58)= 2.64 sq. in. = 14-% in. rd. 

Direct band, perpendicular to wall, — straight bars, 

A s =(1.11) (1.58):= 1.75 sq. in. = 9-y 2 in. rd. 

The direct band, parallel to the wall, lying partly in the interior and 
partly in the exterior panel will be the same as the direct band of a typical 
interior panel. 
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The direct band (or half band, in most cases) lying along the wall 
will be designed in accordance with Section 1011 of the code. 

(b) Design With Two-way Reinforcement. — The slab thickness, the 
dimensions of the square dropped panel and the column capital will be the 
same as for the four-way design above. The basic steel area will be 1.58 
sq. in. also. 

For the typical interior panel, from Table 75: 

Middle strip — bent bars, 

A s =(0.89) (1.58)= 1.41 sq. in. = 7-% in. rd. 

Middle strip — straight bars, 

A s = 1.58 sq. in. = 8-*4 in. rd. 

Column strip — bent bars, 

A s =(1.56) (1.58) = 2.46 sq. in. = 13 -y 2 in. rd. 

Column strip — straight bars, 

A g =(0.78) (1.58)= 1.23 sq. in.= 6-*4 in. rd. 

Column strip — added over col. head, 

A s =(0.36) (1.58) = 0.57 sq. in. = 3-% in. rd. 

For the typical exterior panel, from Table 76: 

Middle strip, perpendicular to wall, bent bars, 

A s =(1.11) (1.58)= 1.76 sq. in. = 9-y 2 in. rd. 

Middle strip, perpendicular to wall, straight bars, 

A s =(1.12) (1.58)= 1.77 sq. in. = 9-V 2 in. rd. 

Column strip, perpendicular to wall, bent bars, 

’A s =(1.95) (1.58)= 3.08 sq. in. = 16-V 2 in. rd. 

Column strip, perpendicular to wall, straight bars, 

A s =(0.98) (1.58)= 1.54 sq. in. = 8 ~y 2 in. rd. 

Column strip, perpendicular to wall, bars in top 
over exterior column head, 

A g =(1.18) ( 1.58)= 1.86 sq. in. = 9 -% in. rd. 

The intermediate strip parallel to the wall will have the same bars as 
an intermediate strip in an interior panel. 

The column strip lying partly in the interior and partly in the exterior 
panel will be the same as the column strip of an interior panel. 

The column strip lying along the wall will be designed in accordance 
with Section 1011 of the code. 

(c) Length of Bars. — For either four -way or two-way reinforcement 
the points of bending, etc., and the points of termination of bars will be as 
given in Sections 1007 to 1010 of the code. 

Long Columns. — The upper portion of Diagram 93 gives the ratio of 
the radius of gyration of a circular core with not over 6 per cent vertical 
reinforcement to the core diameter. The lower portion of Diagram 93 gives 
the proportionate load-carrying capacity of columns in which h/R exceeds 
40 or 50 in accordance with formula (26) or (26a) of the code. The upper 
portion of Diagram 93 is based on the approximation that the effective 
diameter for the ring of longitudinal bars will be 0.9 of the core diameter. 
This will not apply to columns having the bars arranged in two rings or 
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to very small or very large columns. Such cases require that the value of 
R be computed. 

Spiral Columns. — In spiral column design, having assumed a core di- 
ameter, the area of the spiral core is taken from Table 105 and the weight 
of .the corresponding column is added to the applied load to secure the total 
design load on the column. Table 106 gives the volumes of square and round 
column shafts and column capitals. Compute the value of P/A and enter 
Diagram 94, or 95 to 98, according to the strength of concrete used in the 
design. Lay the edge of a triangle from the value of P/A on the left scale 
to the core diameter on the right scale and read off the spiral rod and 
pitch on the left center scale and the number and size of verticals on the 
right center scale, completing the design in a single operation. The per- 
centage of spiral in Diagrams 94 to 98 is always one-fourth of the per- 
centage of verticals as required in the code. Problem 9 shows the complete 
design of a spiral column by this brief method. The provisions of Sec- 
tion 1103 of the Joint Code regarding minimum requirements must be met. 

Problem: 9. 

Design an axially loaded reinforced-concrete column for a load of 
1,100,000 lb., including assumed column weight, using 3,000-lb. concrete 
and the spiral type of column reinforcement, in accordance with the Joint 
Code. The unsupported length is 11 feet. 

Solution: Assume 36-in. round column with a 32-in. diameter core 
section. The core area from Table 105 is 804.2 sq. in. 

1,100,000 

P/A = = 1,368 lb. per sq. in. 

804.2 

From Diagram 96, using a straight edge set to 1,368 on the left scale 
and 32 on the right scale, we read on the center scales 
Vertical bars = 18 — 1 % in. sq. 

Spiral = y 2 in. rd. at 2% in. pitch. 

( 132 \ 

—=—=3.7 ) is so 
36 / 

small as not to require consideration in connection with Section 1108 of 
the code. 

Tied Columns. — Diagram 100 is the usual design diagram for tied col- 
umns, using the Joint Code. In the usual design procedure, a column size 
is assumed, the area of which may be taken from Table 107 for ordinary 
round columns or cylindrical piers, the weight of the corresponding column 
is added to the applied load and from the value of P/A the proper per- 
centage of vertical reinforcement is read from Diagram 100 for the concrete 
strength used in the design. The area of vertical rods required will be p 
times the column area and the corresponding bars may be computed from 
Table 2 with code limitations observed. The design is completed by the 
selection of ties to meet the code requirements, Section 1104. Problem 10 
shows the complete design of a tied column. 
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Problem 10. 

Design an axially loaded reinforced-concrete column for a load of 
300,000 lb., including assumed column weight, using 2,000-lb. concrete and 
tied longitudinal bars, in accordance with the Joint Code. The unsup- 
ported length is 9 feet. 

Solution: Assume a column 24-in. square. The area will be (24) (24) 
' 300,000 

= 576 sq. in. and the unit load will be P/A = — 520 lb. per sq. in. 

576 

From Diagram 100 for P/A = 520 and 2,000-lb. concrete the value of 
p is 0.011. 

A s = ( 0.01 1 ) ( 576 ) = 6.34 sq. in. = 8 — 1 in. rd. bars. 

From Section 1104 of the code, the ties will be % in. rd. spaced 12 in. 
o. c. and so arranged as to provide ties in two directions for the four bars 
at the middle of the sides of the column as well as for the four bars at 
the corners. The ties will be bent so as to keep the longitudinal bars 
2 in. in the clear from the column surface at all points. 

Composite and Combination Columns . — The design of composite and 
combination columns in accordance with Sections 1106 and 1107 of the code 
would require four additional diagrams. Space limitations of this paper 
indicate that diagrams so infrequently used should be omitted. The plot- 
ting data for these diagrams are as follows; 


Value of p 

Composite Columns 

Combination 

Columns 

Unit Stress on Reinforced Concrete Section with 
1% Spiral Reinforcement and f'c = 

Unit Stress on Metal Core 
under Construction Loads 

As 

A 

Increase 
in Stress 

2000 

2500 

3000 

3750 

5000 

h/R 

Struc- 

tural 

Steel 

Cast 

Iron 

0.02 

640 

763 

886 

1067 

1375 

60 

15000 

8400 

0.1 

0.090 

0.025 

675 

798 

920 

1100 

1437 

80 

13280 

7200 

0.2 

0.040 

0.03 

710 

832 

954 

1133 

1500 

100 

11580 

6000 

0.3 

0 023 

0.035 

745 

866 

987 

1166 

1562 

120 

10000 

4800 

0.4 

0.015 

0.04 

780 

900 

1021 

1200 

1625 

140 

8620 

3600 

0.5 

0.010 


Spread Footings . — The Joint Code properly leaves the designer consid- 
erable latitude in the design of concrete footings resting directly on the soil. 
A standardization of proportions, putting all horizontal dimensions in 
terms of 6, the dimension of the side of a square footing, and all vertical 
dimensions in terms of d , the effective depth, greatly simplifies the formulas 
and expedites the design. Fig. 16 shows the standard proportions adopted 
for flat-top footings and Fig. 17 those for sloping-top footings. With these 
constant ratios, the various design requirements can all be expressed in 
terms of w, the soil load (neglecting the footing weight which is carried 
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directly to the soil without shear or moment, but which must he used in 
computing the area of the footing), b and d. The bending moment at a 
section in the plane of the face of the pier .is found by formula (126). 

M = O.GPb (126) 

in which 

M is in inch-pounds 

P is the load in pounds at the top of the footing 
b is the side of the base of the square footing in feet. 

For flat-top square footings the value of d/b is found by solving for- 
mula (127) (answer read directly from Diagram 108). 


w 126 ( 

i) 1 

M+0 

V C J _ 

■(» 

, d 
~b 

- + .25^ 

2 


(127) 


For sloping-top square footings the value of d/b is found by solving 
formula (128) (answer read directly from Diagram 108). 


270 | 

;*)i 

(» 

i +>; 

K 

.49, _ |) 



1 

-1 

[ 2 £+. 25 - 

)’ 


(128) 


In these formulas v f may be taken at 0.02/' c or 0.03/' c depending on 
the anchorage of the footing reinforcement. Diagrams 113, 114, etc., which 
follow are all based on v c = 0.03/' with all footing bars hooked, but Dia- 
gram 108 is perfectly general and applies to any value of v . 

When using the standard proportions of Fig. 16 or Fig. 17 it is not 
necessary to compute the bending moment, since the proportions are se- 
lected to give concrete stresses at or just under the permitted values. The 
area of steel in each of two directions may be computed directly from for- 
mula (129). 


0.05P 

A 8 = (129) 

i7 ’ 5oo (£) 

The value of d/b is known from Diagram 108. To complete the design 
it is only necessary to select the number and size of bars to make up the 
required A , safeguarding the bond stress by not exceeding the size of bar 
indicated by Diagram 109. If the bar size, D, is taken as not larger 
than the value by formula (130) the bond stress will be satisfactory. 

D = 0.0000427 bu (130) 

For deformed bars with hooked ends as specified in Section 903 of the 
code formula (130) reduces to I) =i 0.00646 for 2,000-lb. concrete, and to 
D = 0.0096& for 3,000-lb. concrete. Diagram 109 gives the maximum allow- 
able bar size for any given value of b by formula (130). These formulas 
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and the values from Diagram 109 apply to both flat-top and sloping-top 
footings. In flat-top footings the bond unit stress decreases rapidly at 
sections away from the face of the pier. In sloping-top footings of the 
proportions used here, the bond unit stress remains almost constant to a 
point on and near the top of the slope and then decreases to the edge. 
Hooked bars are required. 

In making a design for a fixed soil pressure which includes the weight 
of the footing it is necessary to determine the weight per sq. ft. of the 
footing. For flat-top footings this is given by formula (131). 


w' = 12.5d-f- 50 (131) 

For sloping-top footings it is given by formula (132). 

io' r= 7 .5c? -(- 50 (132) 


In (131) and (132) the term 50 is the weight of the four inches of 
concrete beneath the centroid of the reinforcing steel. 

The volume of concrete in sloping-top footings will be given very 
closely by formula (133). 

Volume = ( 0.05c? -|- 0.333 ) b 2 ( 133 ) 

where d is in inches, b is in feet and the volume is in cu. ft. 

The minimum edge thickness of sloped-top footings is ten inches by 
the code. If d is less than 24 in. (28 in. total thickness) the weight of 
footing and volume of concrete in sloped-top footings will be increased. 
The quantity diagrams include this increase, but formulas (132) and (133) 
require adjustment for this case. 

The depth of a footing of any fixed proportions depends primarily on 
the superimposed load and is almost independent of the soil pressure used. 
Diagram 111 gives the depth of footings of the types shown in Fig. 16 and 
Fig. 17 for 6,000-lb. soil and the depth for any other usual soil pressure 
will be within a few per cent of these values for the same load. In general 
other soil pressures will give slightly less depths. 6,000-lb. soil appears 
to give the maximum depth within the range of soil pressure usually used 
under spread footings. Selections from Diagram 111 will not need to be 
checked for diagonal tension or shear, except to determine a possible slight 
saving in depth. 

Diagrams 112, 114 to 126 are design graphs for sloping-top footings 
for soil pressures of 3,000, 4,000, 5,000 and 6,000-lb. per sq. ft. Each dia- 
gram gives values for two strengths of concrete. Similarly, Diagrams 
128, 130 to 142 cover the design for flat-top footings for the same soil 
pressures and concrete strengths. These diagrams allow accurately for the 
footing weights and give the indicated soil pressure when subjected to the 
axial load shown in the diagrams. Enter the diagrams at the top with 
the total applied load at the top of the footing (the basement column load 
plus the assumed weight of the pier) and drop vertically reading off the 
value of 6, of t (the total footing depth) and of A s in succession. Com- 
plete the design by computing the other dimensions of the footings from 
b and d, in accordance with Fig. 16 or Fig. 17 and by selecting the number 
and size of bars to make up the required A s , using bars not larger than 


38 Design and Cost Data for the Building Code. 


indicated by Diagram 109. Problem 11 shows the complete design of a 
square footing of the flat-top type for the same basement story column load 
used in Problem 9. In Problem 12 the design of the top of the pier for the 
safe transfer of the load without exceeding Joint Code stresses is shown, 
using Diagram 110 for a rapid solution of formula (28) of the code. 

Quantity Diagrams for Footings. — Facing each design diagram, a dia- * 
gram giving the quantities of concrete, formwork and reinforcing steel for 
single footings is given. The basis and use of these diagrams is described 
more fully on page 30, which should be consulted. 

Problem 11. 

Design a flat-top square spread footing for the column given in Prob- 
lem 9, using a 3,000-lb. concrete in the footing and designing for a 4,000-lb. 
per sq. ft. soil pressure. 

Solution: Enter Diagram 130 at the top with the load of 1,100,000 lb. 
Drop vertically and read off the dimension of the side of the square foot- 
ing at the upper index line for 3,000-lb. concrete as 17 ft. 6 in. Continue 
vertically down to the middle index line for 3,000-lb. concrete and read off 
the depth as 30 in. The footing will be 17 ft. 6 in. by 17 ft. 6 in. by 
2 ft. 6 in. 

Continue vertically downward to the lower index line for 3,000-lb. 
concrete and read off the steel area as 26.0 sq. in. in each of two directions. 
From Diagram 109 the maximum bar size for a 17 ft. 6 in. footing using 
3,000-lb. concrete is not limited. Use 21 — 1% in. sq. bars in each direc- 
tion. The length of each bar including the hooks at each end will be: 

(17 ft. 6 in.)+[ (20) (1%) ]= 19 ft. 5 in. as a minimum. 

From Fig. 17 the side of the square pier will be 
(0.25) ( 17 ft. 6 in.)— 4 ft. 4i/ 2 in. 

The height of the pier, for a 36-in. column as designed in Problem 10, 
will be: 

(4 ft. 4% in.) — (3 ft. 0 in.)=l ft. 4*4 in. (minimum). 

Problem 12. 

Design the top of the pier in Problem 11 for the transfer of the load 
from the column of Problem 10 to the pier, in accordance with the Joint 
Code. 

Solution: Section 1205 of the code applies: 

A = Area of top of pier = (52.5) (52.5) = 2,756 sq. in. 

A' = Area of 32-in. round column =804 sq. in. 

2756 

A/A' — = 3.43 

804 

1,100,000 

r a at the base of the column = = 1368. 

804 

Enter Diagram 110, upper portion, with A/ A' = 3.43 and move across 
to r a = 1,368. 3,750-lb. concrete is required, without spiral reinforcement, 
in the pier. 
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Table 1. — Minimum Beam Widths (in Inches) 



Number of Bars in Single Layer of Reinforcing 


2 

3 

4 

5 

6 

7 

8 


Size of Bars 


Add 
for each 
Added 
Bar 


A. Ordinary Construction — End op Bars Not Specially Anchored 


34 in. round 

4 

5 34 

7 





134 

34 in. square 

434 

6 

7*4 





1=34 

*4 in. round 

434 

5*4 

7 34 

'934 

io34 



1*4 

*4 in. round 

4*4 

634 

8 34 

1034 

1234 



m 

J4 in. round 

5 Via 

734 

9 7 /w 

n*4 

13 i»/u 

is’ 

i8*/w 

2* In 

1 in. round 

534 

8 

10 34 

13 

1534 

18 

2034 

234 

1 in. square 

6 

9 

12 

15 

18 

21 

24 

3 

1 34 in. square 

m 

934 

1334 

1654 

20 

2334 

2634 

334. 

13 4 in. square 

7 

10 34 

1434 

1834 

22 

25 34 

2934 

334 


B. Ordinary Construction— End of Bars Specially Anchored 


34 in. round 

4 

534 

7 





134 

34 in. square 

434 

6 

754 





IK 

34 in. round 

434 

534 

734 

'934 

i034 



1*4 

34 in round 

434 

634 

8 

934 

1134 



1*4 

34 in. round 

434 

634 

834 

1034 

1234 

i434 

i(>" 

134 

1 in. round 

5 

7 

9 

11 

13 

15 

17 

2 

1 in. square 

534 

8 

1034 

13 

1534 

18 

2034 

234 

134 in. square 

5 >*/16 

834 

ll»/ie 

1434 

17 8 /i« 

20 

2213,16 

2 '3/16 

134 in. square 

6*4 

934 

12*4 

1534 

1834 

22 

2534 

334 


Instructions for Use— This table shows the minimum width of beam stem, without stirrups, in which 
the longitudinal bars are covered by one inch of concrete and are spaced as follows: 

For round bars not specially anchored, 2 34 bar diameters between centers. 

For square bars not specially anchored, 3 times the side dimension between centers. 

For round bars with special anchorage, 2 bar diameters between centers. 

For square bars with special anchorage, 234 times the side dimensions between centers. 

To the widths shown in the table additions must be made as follows: 

1. Add the width of any stirrup legs placed between the longitudinal bars and the sides of the beam. 

2. Add 1 in. for fire resistive construction or 2 in. for special exposure or spalling aggregates. 

3. Add extra width as required, in case aggregate exceeds 34 in. in size, to insure a clear space between 
bars of not less than 1}4 times the maximum size of the coarse aggregate. 

For more bars of any size than covered by the table or for bars of a different size, add the dimension given 
in the last column for each such extra bar. (See 1928 Joint Code, Sections 504, 506, and 903 ) 
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Table 2. — Areas, Perimeters and Weights of Plain Bars 


Number of 


Sizes of Plain Bars 


Bare 

K in. 
round 

K in. 
round 

Min. 

round 

Min. 

square 

Min. 

round 

Min. 

round 

Min. 

round 

1 in. 
round 

1 in. 
square 

IK in. 
square 

IK in. 
square 

, f A 

0 0491 

0.1104 

0.1963 

0.250 

0.3068 

0.4418 

0.6013 

0.7854 

1.00 

1.2656 

1.5625 


0.785 

1.178 

1.571 

2.000 

1.964 

2.356 

2.749 

3.142 

4.00 

4.500 

5.000 

l W 

0.167 

0.375 

0.668 

0.850 

1.043 

1.502 

2.044 

2.670 

3.40 

4.303 

5.313 

f 2.4 

0.10 

0.22 

0.39 

0.50 

0.61 

0.88 

1.20 

1.57 

2.00 

2.53 

3.12 

2 < 2o 

1.57 

2.36 

3.14 

4.00 

3.93 

4.71 

5.50 

6.28 

8.00, 

9.00 

10.00 

[ 2 W 

0.33 

0.75 

1.34 

1.70 

2.09 

3.00 

4.09 

5.34 

6.80 

8.61 

10.63 

[ 2 A 

0.15 

0.33 

0.59 

0.75 

0.92 

1.33 

1.80 

2.36 

3.00 

3.80 

4.69 

3 j 2 o 

2.36 

3.53 

4.71 

6.00 

5.89 

7.07 

8.25 

9.42 

12.00 

13.50 

15.00 

l 2JF 

0.50 

1.12 

2.00 

2.55 

3.13 

4.51 

6.13 

8.01 

10.20 

12.91 

15.94 

f 2 A 

0.20 

0.44 

0.78 

1.00 

1.23 

1.77 

2.41 

3.14 

4.00 

5.06 

6.25 

4 | 2o 

3.14 

4.71 

6.28 

8.00 

7.86 

9.42 

11.00 

12.57 

16.00 

18.00 

20.00 

[ 2 W 

0.67 

1 . 50 

2.67 

3.40 

4.17 

6.01 

8.18 

10.68 

13.60 

17.21 

21.25 

Area of 12 












Bare 

0.59 

1.32 

2.36 

3.00 

3.68 

5.30 

7.22 

9.41 

12.00 

15.18 

18.75 


Instructions for Use. This table is based on the properties of plain round or plain square and may be 
used in daugn for areas and perimeters of deformed bars. For weights of deformed bars manufacturers’ tables 
should be consulted. 

Cross sectional areas (A or 2.4) of bars are given in sq. In. 

Perimeters (o or So) are given in inches. 

Weights (W or S W) are given in lb. per foot of length. 

The last line gives values of 12o s for use in the formula: 

Spacing of bars in slab (in inches) = 

in which 12a« = cross sectional area of 12 slab bars of size used. 

= cross sectional area per foot width of slab required. 

. Areas Perimeters and weights of groups of more than four bars may be easily obtained from the table by 
simple additions or multiplications. y 


Design Values of p and K for f 8 = 20,000 


2000-lb. 

Concrete 

2500-lb. 

Concrete 

3000-lb. 

Concrete 

3750-lb. 

Concrete 

n = 15 

n = 12 

n = 10 

n = 8 

fc — 800 

fc = 1000 

fc = 1200 

fc = 1500 

V = 0.0075 

V = 0.0094 

V = 0.0112 

V = 0.0140 

K = 131 

K = 164 

K = 197 

K = 246 


k = 0.375 for all of the above cases. 

Instructions tor Use.— The value of fc is 0.4 fc and is the compressive stress to be used in flexure 
calculations, except for the special case covered by Table 4. (See also general note under Table 5.) 


Design and Cost Data for the Building Code. 


41 


Design Values of p and K for f 8 = 20,000 
Table 4. — Rectangular Beams. f c = 0.45/' c 


2000-lb. 

Concrete 

2500-lb. 

Concrete 

3000-lb. 

Concrete 

3750-lb. 

Concrete 

n = 15 

n = 12 

n = 10 

n = 8 

fc = 900 

fc = 1125 

fc = 1350 

fc = 1688 

p = 0.0091 

p = 0.0113 

p = 0.0136 

p = 0.0170 

K = 157 

K = 196 

K = 235 

K = 294 


k = 0 . 403 for all of the above cases. 

Instructions for Use. The value of fc is 0.45 f'c and its use is limited to designs for flexure adjacent 
to supports of continuous or fixed beams or of rigid frames. (See also general note under Table 5.) 


Design Values of p and K for f 8 = 20,000 
Table 5. — T-Beams. f c = 0.40 f' c 



2000-lb. 

Concrete 

2500-lb. 

Concrete 

3000-lb. 

Concrete 

3750-lb. 

Concrete 


n = : 

15 

n = 12 

n - 10 

n = 8 



fc = 800 

fc = 1000 

fc = 1200 

fc = 1500 

t 

1 

V 

K 

P 

K 

P 

K 

P 

K 

0.04 

0.0015 

30 

0.0019 

37 

0.0023 

45 

0.0028 

56 

0.06 

0 0022 

43 

0.0028 

54 

0.0033 

64 

0.0041 

80 

0.08 

0.0029 

55 

0.0036 

69 

0.0043 

82 

0.0054 

103 

0.10 

0.0035 

66 

0.0043 

83 

0.0052 

99 

0.0065 

124 

0.12 

0 0040 

76 

0.0050 

95 

0.0061 

114 

0.0076 

143 

0.14 

0.0046 

85 

0.0057 

107 

0.0068 

128 

0.0085 

160 

0.16 

0.0050 

93 

0.0063 

117 

0.0076 

140 

0.0094 

175 

0.18 

0.0055 

101 

0.0068 

126 

0.0082 

151 

0.0103 

189 

0.20 

0.0059 

107 

0.0073 

134 

0.0088 

161 

0.0110 

201 

0.22 

0.0062 

113 

0.0078 

141 

0.0093 

169 

0.0117 

211 

0.24 

0.0065 

117 

0.0082 

147 

0.0098 

176 

0.0122 

220 

0.26 

0.0068 

121 

0.0085 

152 

0.0102 

182 

0.0127 

228 

0.28 

0.0070 

125 

0.0088 

156 

0.0105 

187 

0.0132 

234 

0.30 

0.0072 

128 

0.0090 

160 

0.0108 

192 

0.0135 

240 

0.32 

0.0073 

129 

0.0092 

161 

0.0110 

194 

0.0138 

242 

0 34 

0.0074 

130 

0.0093 

163 

0.0112 

196 

0.0139 

245 

0.36 

0.0075 

131 

0.0094 

164 

0.0112 

197 

0.0140 

246 

fc = 0.375 

0.0075 

131 

0.0094 

164 

0.0113 

197 

0.0140 

246 


k = 0.375 for all of the above cases. 


Instructions for Lse.— The compressive stress in the stem of the beam, between the neutral axis and 
the lower face of the flange is not made use of in the table. Where many T-beams are involved having small 
values of t/d and wide stems, this additional strength may be taken in account in design. 


General Note for Tables 3-19 Inclusive 

The resisting moment of a beam with balanced reinforcement is equal to Kbd 2 . The area of the tensile 
reinforcement is equal to pbd. The area of the compressive reinforcement, where used, is equal to p'bd 
A beam with balanced reinforcement is one in which the full tensile and compressive unit stresses shown in 
the tables are developed. For steps to be taken in design of beams consult text. 
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Design Values of p and K for f s = 20,000 
Diagram 6. — Rectangular Beams. f c Varies 



Instructions for Use— U se this diagram to determine the actual concrete stress (which is less than the 
maximum ailow^hle value with balanced reinforcement), when the steel area has been determined by formula 
(103b) as described on page 6. Determine the value of K by formula (104), page 10, and read off the concrete 
stress at the intersection of a horizontal line through the value of K with the sloping scale of stresses 
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Design Values of p and K for f s = 20,000 
Diagram 7. — Tee Beams. f c Varies 



V o y u e s of g 


Instructions for Use. — Use this diagram to determine the actual stress (which is less than the maximum 
allowable value with balanced reinforcement), when the steel area has been determined by formula (103b) as 
described on page 6. Determine the value of K by formula (104), page 10, and the value of t/d from the 
known slab thickness and assumed beam depth. Read off the concrete stress between the curved scales at the 
intersection of a vertical line through the value of t/d with a horizontal line through the value of K. 
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Design Values of p and K for f 8 = 20,000 
Table 8. — Rectangular Beams with Compressive Reinforcement. 

fc = 0.40/'c 

2000-lb. Concrete n = 15 fc =800 


p' 

d'/d = 

0.02 

d'/d = 

0.04 

d'/d = 

0.06 

d'/d = 

0.08 

ft; 

II 

0.10 

V 

K 

V 

K 

V 

K 

V 

K 

P 

K 

0.002 

0 0086 

152 

0.0085 

150 

0.0084 

149 

0.0084 

147 

0.0083 

146 

0.004 

0.0096 

173 

0 0095 

169 

0.0094 

166 

0.0093 

163 

0.0092 

161 

0.006 

0.0107 

19.3 

0 0105 

189 

0.0103 

184 

0.0101 

180 

0 0100 

175 

0.008 

0.0117 

214 

0.0115 

208 

0 0113 

202 

0.0110 

196 

0 0108 

180 

0.010 

0.0128 

235 

0.0125 

227 

0.0122 

219 

0.0119 

212 

0.0116 

205 

0.012 

0.0139 

256 

0.0135 

246 

0.0131 

237 

0.0128 

228 

0.0124 

220 

0.014 

0.0149 

276 

0.0145 

265 

0 0141 

255 

0.0137 

244 

0 0132 

234 

0.016 

0.0160 

297 

0.0155 

285 

0.0150 

272 

0.0145 

261 

0 0141 

249 

0 018 

0.0170 

318 

0.0165 

304 

0.0160 

290 

0.0154 

277 

0 0149 

264 

0.020 

0.0181 

339 

0.0175 

323 

0.0169 

308 

0.0163 

293 

0.0157 

279 

0.022 

0 0192 

360 

0 0185 

342 

0 0178 

325 

0.0172 

309 

0.0165 

294 

0 024 

0 0202 

380 

0 0195 

361 

0 0188 

343 

0 0181 

325 

0 0174 

308 

0.026 

0.0213 

401 

0.0205 

381 

0.0197 

361 

0.0189 

342 

0.0182 

323 

0.028 

0 0223 

422 

0 0215 

400 

0.0207 

379 

0.0198 

358 

0 0190 

338 

0.030 

0.0234 

442 

0.0225 

419 

0.0216 

396 

0.0207 

374 

0.0198 

353 


P' 

d'/d = 

0.12 

II 

•ts 

N. 

*T3 

0.14 

d'/d = 

- 0.16 

d'/d = 

= 0.18 

d'/d = 

= 0.20 

P 

K 

P 

K 

V 

K 

P 

K 

P 

K 

0.002 

0 0083 

144 

0.0082 

143 

0 0081 

142 

0.0081 

141 

0 . 0080 

139 

0.004 

0 0090 

158 

0.0089 

155 

0.0088 

153 

0.0087 

150 

0 0085 

148 

0.006 

0.0098 

171 

0.0096 

167 

0.0094 

163 

0.0092 

160 

0.0091 

156 

0.008 

0.0105 

185 

0.0103 

179 

0.0101 

174 

0.0098 

169 

0.0096 

164 

0.010 

0.0113 

198 

0.0110 

191 

0.0107 

185 

0.0104 

179 

0.0101 

173 

0.012 

0.0121 

211 

0.0117 

203 

0.0113 

196 

0.0110 

188 

0.0106 

181 

0 014 

0 0128 

225 

0.0124 

216 

0.0120 

207 

0.0116 

198 

0.0112 

190 

0.016 

0.0136 

238 

0.0131 

228 

0.0126 

217 

0.0122 

207 

0.0117 

198 

0.018 

0.0143 

252 

0.0138 

240 

0.0133 

228 

0.0127 

217 

0 0122 

206 

0.020 

0.0151 

265 

0.0145 

252 

0.0139 

239 

0.0133 

226 

0.0127 

215 

0.022 

0.0159 

278 

0.0152 

264 

0.0145 

250 

0.0139 

236 

0.0132 

223 

0.024 

0.0166 

292 

0.0159 

276 

0.0152 

261 

0.0145 

246 

0.0138 

231 

0.026 

0.0174 

305 

0.0166 

288 

0.0158 

271 

0.0151 

255 

0.0143 

240 

0.028 

0.0181 

319 

0.0173 

300 

0.0165 

282 

0.0157 

265 

0.0148 

248 

0.030 

0.0189 

332 

0.0180 

312 

0.0171 

293 

0.0162 

274 

0.0153 

256 


Instructions for Use.— This table is to be used in beams and slabs made of 2000-lb. concrete and having 
compressive reinforcement, except for the special case covered by Table 9. (See also general note under 
Table 5.) 
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Design Values of p and K for f s = 20,000 
Table 9. Rectangular Beams with Compressive Reinforcement 
fc = 0.45/' c 

2000 - lb . Concrete n = 15 fc = 900 


p ' 

d'/d = 

= 0.02 

d'/d = 

= 0.04 

d'/d = 

* 0.06 

d'/d = 

■ 0.08 

d'/d = 

* 0.10 

V 

K 

V 

K 

V 

K 

P 

K 

V 

K 

0.002 

0.0103 

180 

0.0102 

179 

0.0102 

177 

0.0101 

176 

0.0100 

174 

0.004 

0.0115 

204 

0.0114 

200 

0.0112 

197 

0.0111 

194 

0.0110 

191 

0 . 006 

0.0127 

227 

0.0125 

222 

0.0123 

218 

0.0121 

213 

0.0119 

208 

0.008 

0 0139 

251 

0 .0136 

244 

0 0134 

238 

0 0131 

231 

0 0129 

225 

0 010 

0.0151 

274 

0 0148 

266 

0.0145 

258 

0.0141 

250 

0.0138 

242 

0 012 

0 0163 

298 

0 0159 

288 

0 0155 

278 

0 0151 

268 

0 0148 

259 

0.014 

0 0175 

321 

0 0170 

310 

0 0166 

298 

0.0161 

287 

0.0157 

276 

0 016 

0 0187 

345 

0.0181 

331 

0.0177 

319 

0 0172 

306 

0.0167 

293 

0 . 018 

0 0199 

368 

0.0193 

353 

0 0188 

339 

0 0182 

324 

0 0176 

310 

0.020 

0.0211 

392 

0.0204 

375 

0.0198 

359 

0.0192 

343 

0.0186 

328 

0.022 

0 0223 

415 

0.0215 

397 

0.0209 

379 

0.0202 

361 

0.0195 

345 

0 . 024 

0 0235 

438 

0 0226 

419 

0.0219 

399 

0.0212 

380 

0 0205 

362 

0.026 

0 0247 

462 

0.0238 

440 

0.0230 

419 

0.0222 

398 

0.0214 

379 

0 . 028 

0 0259 

485 

0.0249 

462 

0 0241 

439 

0.0232 

417 

0*0224 

396 

0.030 

0.0271 

509 

0.0261 

484 

0.0252 

459 

0.0242 

436 

0.0233 

413 


P ' 

d'/d = 

0.12 

d'/d = 

0.14 

Oj 

N. 

O* 

II 

■ 0.16 

d'/d = 

« 0.18 

d'/d = 

= 0.20 

V 

K 

P 

K 

P 

K 

P 

K 

V 

K 

0.002 

0 0100 

173 

0.0099 

171 

0.0099 

170 

0.0098 

168 

0.0097 

167 

0.004 

0 0109 

188 

0 0107 

185 

0 0106 

182 

0.0105 

180 

0.0104 

177 

0.006 

0 0117 

204 

0 0116 

199 

0 0114 

195 

0.0112 

191 

0.0110 

187 

0.008 

0.0126 

219 

0.0124 

214 

0 0121 

208 

0.0119 

203 

0 0116 

198 

0.010 

0.0135 

235 

0.0132 

228 

0.0129 

221 

0.0126 

214 

0.0123 

208 

0.012 

0.0144 

250 

0.0140 

242 

0.0136 

234 

0.0133 

226 

0.0129 

218 

0.014 

0.0153 

266 

0.0148 

256 

0.0144 

246 

0.0140 

237 

0.0135 

228 

0.016 

0.0161 

282 

0 0157 

270 

0 0152 

259 

0.0147 

249 

0.0142 

238 

0.018 

0.0170 

297 

0.0165 

284 

0.0159 

272 

0.0154 

260 

0 0148 

248 

0.020 

0.0179 

313 

0.0173 

298 

0.0167 

285 

0.0161 

271 

0.0154 

259 

0 022 

0.0188 

328 

0 0181 

312 

0.0175 

297 

0.0168 

283 

0 0161 

269 

0.024 

0.0197 

344 

0.0189 

327 

0.0182 

310 

0.0175 

294 

0.0167 

279 

0.026 

0.0206 

359 

0.0197 

341 

0.0190 

323 

0.0182 

306 

0.0173 

289 

0.028 

0.0215 

375 

0.0206 

355 

0.0197 

336 

0.0189 

317 

0 0180 

299 

0.030 

0.0224 

391 

0.0214 

369 

0.0205 

349 

0.0196 

329 

0.0186 

309 


In8trdc ti °n8 for L se. This table is to be used only at sections adjacent to the supports of continuous 
fixed beams or of rigid frames, made of 2000-lb. concrete and having compressive reinforcement. (See 


also general note under Table 5.) 


46 


Design and Cost Data for the Building Code. 


Design Values op p and K for f s = 20,000 
Table 10. — Rectangular Beams with Compressive Reinforcement. 
fc = OAOf'c 

2500-lb. Concrete n = 12 fc = 1000 


p' 

d'/d = 

0.02 

d'/d = 

0.04 

d'/d = 

0.06 

d'/d = 

0-08 

d'/d = 

0 10 

V 

K 

V 

K 

V 

K 

V 

K 

P 

K 

0.002 

0.0104 

185 

0.0104 

183 

0.0103 

181 

0.0103 

180 

0.0102 

179 

0.004 

0.0115 

205 

0 0114 

202 

0.0112 

199 

0.0111 

196 

0.0110 

193 

0.006 

0.0125 

225 

0.0123 

221 

0.0122 

216 

0.0120 

212 

0.0118 

208 

0.008 

0 0136 

246 

0.0133 

239 

0.0131 

234 

0.0129 

228 

0 0126 

222 

0.010 

0.0146 

266 

0.0143 

258 

0.0140 

251 

0.0137 

244 

0.0134 

237 

0.012 

0.0156 

286 

0.0153 

277 

0.0149 

268 

0.0146 

260 

0.0142 

251 

0.014 

0.0167 

307 

0.0163 

296 

0.0159 

286 

0.0155 

275 

0.0150 

266 

0.016 

0.0177 

327 

0.0172 

314 

0.0168 

303 

0.0163 

291 

0 0159 

280 

0.018 

0.0188 

348 

0.0182 

334 

0.0177 

321 

0.0172 

307 

0.0167 

295 

0.020 

0.0198 

368 

0.0192 

352 

0.0186 

338 

0.0181 

323 

0.0175 

309 

0.022 

0.0208 

388 

0.0202 

371 

0.0196 

355 

0.0189 

339 

0.0183 

324 

0.024 

0.0219 

408 

0.0212 

390 

0.0205 

373 

0.0198 

355 

0.0191 

338 

0.026 

0.0229 

429 

0.0221 

409 

0.0214 

390 

0.0207 

371 

0.0199 

353 

0.028 

0.0239 

449 

0.0231 

428 

0.0223 

408 

0.0215 

387 

0.0207 

367 

0.030 

0.0250 

470 

0.0241 

447 

0.0233 

425 

0.0224 

403 

0.0215 

382 


p' 

d'/d = 

0.12 

d'/d = 

0.14 

d'/d = 

= 0.16 

d'/d = 

= 0.18 

d'/d = 

= 0.20 

P 

K 

P 

K 

P 

K 

V 

K 

V 

K 

0 002 

0 0101 

177 

0.0101 

176 

0.0100 

175 

0.0100 

173 

0.0099 

172 

0.004 

0.0109 

190 

0.0108 

188 

0 0107 

185 

0.0105 

183 

0.0104 

180 

0.006 

0.0116 

203 

0.0115 

200 

0.0113 

196 

0.0111 

192 

0.0109 

189 

0.008 

0 0124 

217 

0.0122 

211 

0.0119 

206 

0.0117 

201 

0.0115 

197 

0.010 

0.0131 

230 

0.0128 

223 

0.0126 

217 

0.0123 

211 

0.0120 

205 

0.012 

0.0139 

243 

0 0135 

235 

0.0132 

227 

0.0128 

220 

0.0125 

213 

0.014 

0 0146 

256 

0.0142 

247 

0.0138 

238 

0.0134 

230 

0.0130 

221 

0.016 

0.0154 

269 

0.0149 

259 

0.0144 

249 

0.0140 

239 

0.0135 

230 

0.018 

0.0161 

283 

0.0156 

271 

0.0151 

259 

0.0145 

248 

0.0140 

238 

0.020 

0.0169 

295 

0.0163 

283 

0.0157 

270 

0.0151 

258 

0.0145 

246 

0.022 

0.0176 

309 

0.0170 

295 

0.0163 

281 

0.0157 

267 

0.0150 

254 

0.024 

0.0184 

322 

0.0177 

306 

0.0170 

291 

0.0163 

276 

0.0156 

263 

0.026 

0.0191 

335 

0.0184 

318 

0.0176 

302 

0.0168 

285 

0.0161 

271 

0.028 

0.0199 

349 

0.0191 

330 

0.0182 

312 

0.0174 

295 

0.0166 

279 

0.030 

0.0206 

362 

0.0197 

342 

0.0189 

323 

0.0180 

304 

0.0171 

287 


Instructions for Use— This table is to be used in beams and slabs made of 2500-lb. concrete and 
underVabTeTf 176 remforcement ’ except for the 8 P ecial case covered by Table 11. (See also general note 
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Design Values of p and K for fs = 20,000 
Table 11. Rectangular Beams with Compressive Reinforcement. 
fc = 0.45/' c 

2500-lb. Concrete n = 12 fc = 1125 


p' 

d'/d = 

= 0.02 

d'/d = 

= 0.04 

d'/d = 

= 0.06 

d'/d = 

= 0.08 

d'/d = 

= 0.10 


V 

K 

V 

K 

V 

K 

V 

K 

V 

K 

0.002 

0.0125 

219 

0 0124 

217 

0.0124 

216 

0.0123 

214 

0.0122 

213 

0.004 

0.0137 

242 

0 0135 

238 

0 0134 

236 

0 0133 

232 

0.0132 

229 

0 006 

0 0148 

265 

0 0146 

260 

0.0145 

255 

0.0143 

251 

0 0141 

246 

0 008 

0 0160 

288 

0 0158 

282 

0 0155 

275 

0.0153 

269 

0.0150 

263 

0.010 

0.0172 

311 

0.0169 

303 

0.0166 

295 

0.0163 

287 

0.0160 

280 

0.012 

0.0183 

334 

0.0180 

324 

0.0176 

315 

0 0172 

305 

0.0169 

296 

0.014 

0 0195 

357 

0.0191 

346 

0.0187 

335 

0.0182 

324 

0 .0178 

313 

0 016 

0.0207 

380 

0.0202 

367 

0.0197 

354 

0.0192 

342 

0.0187 

330 

0.018 

0.0219 

403 

0.0213 

389 

0.0208 

374 

0.0202 

360 

0 0197 

347 

0 . 020 

0.0230 

426 

0.0224 

410 

0.0218 

394 

0.0212 

378 

0.0206 

363 

0 022 

0.0242 

450 

0.0236 

431 

0.0229 

414 

0.0222 

397 

0.0215 

380 


0 . 0254 

473 

0.0247 

452 

0.0239 

434 

0 0232 

415 

0.0225 

397 

0.026 

0.0266 

496 

0.0258 

474 

0.0250 

453 

0.0242 

433 

0.0234 

414 

0 . 028 

0.0277 

519 

0.0269 

496 

0.0260 

473 

0.0252 

451 

0 0243 

430 

0.030 

0.0289 

542 

0.0280 

517 

0 0271 

493 

0.0262 

470 

0.0253 

447 


P' 

d'/d = 

= 0.12 

sa- 

il 

= 0.14 

d'/d = 

= 0.16 

d'/d = 

= 0.18 

d'/d = 

= 0.20 

P 

K 

P 

K 

V 

K 

P 

K 

V 

K 

0 002 

0 0122 

211 

0.0121 

210 

0.0120 

209 

0.0120 

207 

0.0119 

206 

0 . 004 

0 0130 

227 

0 0129 

224 

0.0128 

221 

0.0127 

218 

0 0125 

216 

0 006 

0 0139 

242 

0 0137 

238 

0 0135 

234 

0.0133 

230 

0 0132 

226 

0 008 

0.0148 

257 

0 0145 

252 

0.0143 

246 

0.0140 

241 

0 0138 

236 

0.010 

0.0156 

272 

0.0153 

265 

0.0150 

259 

0.0147 

252 

0.0144 

246 

0.012 

0.0165 

288 

0 0161 

279 

0.0157 

271 

0.0154 

263 

0.0150 

256 

0.014 

0.0174 

303 

0.0169 

293 

0.0165 

284 

0.0161 

275 

0.0157 

266 

0.016 

0 0183 

318 

0 0178 

307 

0.0172 

296 

0.0167 

286 

0.0163 

276 

0 . 018 

0.0192 

334 

0.0186 

321 

0.0180 

309 

0 0174 

297 

0.0169 

286 

0.020 

0.0200 

349 

0.0194 

335 

0.0187 

321 

0.0181 

308 

0.0175 

296 

0.022 

0 0208 

364 

0.0202 

349 

0.0194 

334 

0.0188 

320 

0.0182 

306 

0 . 024 

0.0216 

379 

0.0210 

363 

0.0202 

346 

0.0195 

331 

0.0188 

316 

0.026 

0 . 0225 

395 

0 0218 

376 

0.0209 

359 

0.0202 

342 

0 0194 

326 

0 028 

0.0234 

410 

0 0226 

390 

0.0217 

371 

0 0209 

353 

0 0200 

336 

0 030 

0.0243 

425 

0.0234 

404 

0.0225 

384 

0 0216 

364 

0.0206 

346 


c j u clIONB * _ 0R . Vf E ; ims is to be used only at sections adjacent to the supports of continuous 
or fixed beams or of rigid frames, made of 2500-lb. concrete and having compressive reinforcement. (See 
also general note under Table 5.) 
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Design Values of p and K for f s = 20,000 
Table 12. Rectangular Beams with Compressive Reinforcement. 
fc = 0.40/c 

3000-lb. Concrete n = 10 fc — 1200 


p ' 

d'/d = 

0.02 

d'/d = 

0.04 

d'/d = 

: 0.06 

d'/d = 

= 0.08 

d'/d = 

= 0.10 

P 

K 

P 

K 

V 

K 

V 

K 

P 

K 

0.002 

0.0122 

217 

0.0122 

216 

0 0121 

214 

0.0120 

213 

0.0120 

211 

0 . 004 

0.0132 

237 

0 0131 

234 

0.0130 

231 

0 0129 

228 

0.0128 

226 

0.006 

0.0143 

257 

0 0141 

252 

0.0139 

248 

0.0137 

244 

0 0136 

240 

0.008 

0 . 0153 

277 

0 0151 

271 

0.0148 

265 

0.0146 

260 

0 0144 

254 

0.010 

0.0163 

297 

0.0160 

290 

0.0158 

282 

0.0154 

275 

0.0152 

268 

0.012 

0.0173 

317 

0.0170 

308 

0.0167 

299 

0.0163 

291 

0.0160 

283 

0.014 

0.0183 

337 

0.0179 

327 

0.0176 

316 

0.0171 

306 

0.0167 

297 

0.016 

0.0194 

357 

0.0189 

345 

0.0185 

333 

0.0180 

322 

0 0175 

311 

0 . 018 

0.0204 

377 

0.0198 

364 

0.0194 

350 

0.0188 

338 

0 0183 

325 

0.020 

0.0214 

397 

0.0208 

382 

0.0203 

367 

0.0197 

353 

0.0191 

340 

0.022 

0.0224 

417 

0.0218 

401 

0.0212 

385 

0.0205 

369 

0.0199 

354 

0.024 

0.0234 

437 

0.0227 

419 

0 0221 

402 

0.0214 

385 

0 0207 

368 

0.026 

0 0245 

457 

0 0237 

438 

0.0230 

419 

0.0222 

400 

0.0215 

382 

0 028 

0.0255 

477 

0.0247 

456 

0.0239 

436 

0.0231 

416 

0.0223 

397 

0 . 030 

0 . 0265 

497 

0.0257 

475 

0.0248 

453 

0.0239 

432 

0.0231 

411 


p ' 

d'/d = 

= 0.12 

1 " 
^3 

= 0.14 

d'/d = 

= 0.16 

d'/d = 

= 0.18 

d'/d = 

= 0.20 

V 

K 

P 

K 

P 

K 

V 

K 

P 

K 

0.002 

0.0119 

210 

0.0119 

209 

0.0118 

207 

0.0118 

206 

0.0117 

205 

0 . 004 

0.0127 

223 

0.0125 

220 

0.0124 

218 

0 0123 

215 

0 0122 

213 

0.006 

0 0134 

236 

0.0132 

232 

0.0131 

228 

0.0129 

225 

0.0127 

221 

0.008 

0.0141 

249 

0.0139 

243 

0.0137 

239 

0.0134 

234 

0 0132 

229 

0.010 

0.0149 

262 

0.0146 

255 

0.0143 

249 

0.0140 

243 

0.0137 

237 

0.012 

0.0156 

275 

0 0153 

267 

0.0149 

259 

0.0146 

252 

0.0142 

245 

0.014 

0 0163 

287 

0 0159 

278 

0.0155 

270 

0 0151 

261 

0.0147 

253 

0.016 

0.0171 

300 

0.0166 

290 

0.0162 

280 

0.0157 

271 

0.0152 

262 

0 . 0 15 

0.0178 

313 

0.0173 

302 

0 0168 

291 

0.0162 

280 

0.0157 

270 

0.020 

0.0185 

326 

0.0180 

313 

0.0174 

301 

0.0168 

289 

0.0162 

278 

0.022 

0 0193 

339 

0.0186 

325 

0.0180 

311 

0.0174 

298 

0.0167 

286 

0 . 024 

0 0200 

352 

0 0193 

337 

0 0186 

322 

0.0179 

307 

0 0172 

294 

0.026 

0 0207 

365 

0 0200 

348 

0 0191 

332 

0 0185 

317 

0 0178 

302 

0 . 028 

0 0215 

378 

0.0207 

360 

0.0199 

343 

0 0191 

326 

0.0183 

310 

0.030 

0.0222 

391 

0.0214 

372 

0.0205 

353 

0.0196 

335 

0.0188 

318 


h !>v ;^ S J RDCTI0 ^ 8 F °* V**.-Tbh table is to be used in beams and slabs made of 3000-lb. concrete and 
under g Tabfe P 5T 1Ve remforcement except for tbe special case covered by Table 13. (See also general note 
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Design Values of p and K for f 8 = 20,000 
Table 13. — Rectangular Beams with Compressive Reinforcement. 

fe = 0.45 /' c 


3000 - lb . Concrete n = 10 fc = 1350 


p ' 

d’/d = 

0.02 

d'/d = 

0.04 

d'/d = 

0.06 

d'/d = 

■ 0.08 

d’/d = 

= 0.10 

P 

K 

P 

K 

P 

K 

V 

K 

V 

K 

0.002 

0.0148 

258 

0.0147 

256 

0.0146 

254 

0.0146 

253 

0.0145 

251 

0 004 

0.0159 

280 

0.0158 

277 

0 0157 

274 

0.0155 

271 

0.0154 

268 

0.006 

0.0171 

303 

0.0169 

298 

0.0167 

293 

0.0165 

289 

0.0163 

284 

0.008 

0.0182 

325 

0.0180 

319 

0.0177 

313 

0.0175 

307 

0.0173 

301 

0.010 

0.0194 

348 

0.0191 

340 

0.0188 

332 

0.0185 

325 

0.0182 

317 

0.012 

0.0205 

371 

0.0201 

361 

0.0198 

352 

0.0194 

342 

0.0191 

334 

0.014 

0.0217 

393 

0.0212 

382 

0.0208 

371 

0.0204 

360 

0.0200 

350 

0.016 

0.0228 

416 

0.0223 

403 

0.0218 

391 

0.0214 

378 

0.0209 

367 

0 018 

0 0240 

439 

0 0234 

424 

0.0229 

410 

0 0223 

396 

0.0218 

383 

0.020 

0.0251 

461 

0.0245 

445 

0.0239 

429 

0.0233 

414 

0.0227 

399 

0.022 

0.0263 

484 

0.0256 

466 

0.0249 

449 

0.0243 

432 

0.0236 

416 

0 024 

0 0274 

506 

0 0267 

487 

0.0260 

468 

0.0252 

450 

0.0246 

432 

0.026 

0 0286 

529 

0.0278 

508 

0.0270 

488 

0.0262 

468 

0.0255 

449 

0 028 

0 0297 

552 

0.0289 

529 

0.0280 

507 

0.0272 

485 

0.0264 

465 

0.030 

0.0309 

574 

0.0300 

550 

0.0291 

527 

0.0282 

504 

0.0273 

482 


P ' 

d'/d = 

= 0.12 

d'/d = 

= 0.14 

d’/d = 

= 0.16 

d’/d = 

: 0.18 

d'/d = 

= 0.20 

V 

K 

P 

K 

V 

K 

P 

K 

V 

K 

0 002 

0.0145 

250 

0.0144 

249 

0.0143 

247 

0.0143 

246 

0.0142 

245 

0.004 

0.0153 

265 

0.0152 

262 

0 0151 

260 

0.0149 

257 

0.0148 

255 

0 006 

0.0162 

280 

0.0160 

276 

0 0158 

272 

0.0156 

268 

0.0154 

264 

0 008 

0.0170 

295 

0.0168 

290 

0.0165 

284 

0.0163 

279 

0.0160 

274 

0.010 

0.0179 

310 

0.0176 

303 

0.0173 

297 

0.0170 

290 

0.0167 

284 

0.012 

0.0187 

325 

0.0183 

317 

0.0180 

309 

0.0176 

301 

0.0173 

294 

0.014 

0.0196 

340 

0.0191 

330 

0.0187 

321 

0 0183 

312 

0.0179 

304 

0.016 

0.0204 

355 

0 0199 

344 

0.0194 

333 

0 0190 

323 

0.0185 

313 

0 018 

0.0213 

370 

0.0207 

358 

0 0202 

346 

0.0196 

334 

0 0191 

323 

0.020 

0.0221 

385 

0.0215 

371 

0.0209 

358 

0.0203 

345 

0.0197 

333 

0 022 

0.0230 

400 

0.0223 

385 

0 0216 

370 

0.0210 

356 

0.0203 

343 

0.024 

0.0238 

415 

0.0231 

399 

0.0224 

383 

0.0216 

367 

0 0209 

353 

0 026 

0.0247 

430 

0.0239 

412 

0.0231 

395 

0 0223 

378 

0 0216 

362 

0 028 

0 0255 

445 

0 0247 

426 

0 0238 

407 

0 0230 

389 

0.0222 

372 

0.030 

0.0264 

460 

0.0255 

440 

0.0246 

420 

0.0237 

400 

0.0228 

382 


Instructions for Use . — This table is to be used only at sections adjacent to the supports of continuous 
or fixed beams or of rigid frames, made of 3000-lb. concrete and having compressive reinforcement. (See 
also general note under Table 5.) 


50 


Design and Cost Data for the Building Code. 


Design Values op p and K for f 8 = 20,000 
Table 14. — Rectangular Beams with Compressive Reinforcement. 

f c = 0.40 /' c 


3750-lb. Concrete n = 8 fc — 1500 


p' 

d’/d = 

0.02 

d’/d = 

0.04 

d’/d = 

0.06 

d'/d = 

= 0.08 

d’/d = 

= 0.10 

P 

K 

V 

K 

V 

K 

V 

K 

P 

K 

0.002 

0.0151 

265 

0.0150 

264 

0.0150 

263 

0.0149 

261 

0.0149 

260 

0.004 

0 0161 

285 

0.0160 

282 

0.0159 

279 

0.0158 

276 

0.0156 

274 

0 006 

0.0171 

304 

0 0169 

300 

0 0167 

296 

0 0166 

292 

0.0164 

288 

0.008 

0.0181 

324 

0.0179 

318 

0 0176 

312 

0.0174 

307 

0.0172 

301 

0.010 

0.0191 

343 

0.0188 

336 

0.0185 

329 

0.0182 

322 

0.0179 

315 

0.012 

0.0201 

363 

0 0197 

354 

0.0194 

346 

0.0191 

337 

0.0187 

329 

0.014 

0.0211 

382 

0 0207 

372 

0.0203 

362 

0.0199 

352 

0.0195 

343 

0.016 

0.0221 

402 

0.0216 

390 

0.0212 

379 

0.0207 

368 

0 . 0203 

357 

0.018 

0.0230 

421 

0.0225 

408 

0.0220 

395 

0.0215 

383 

0.0210 

371 

0.020 

0.0240 

441 

0.0235 

426 

0.0229 

412 

0.0224 

398 

0.0218 

385 

0.022 

0.0250 

460 

0.0244 

444 

0.0238 

429 

0.0232 

413 

0.0226 

398 

0.024 

0 0260 

480 

0.0253 

462 

0 0247 

445 

0 0240 

428 

0.0233 

412 

0.026 

0.0270 

499 

0.0263 

480 

0 0256 

462 

0.0248 

444 

0.0241 

426 

0.028 

0.0280 

518 

0.0272 

498 

0.0265 

478 

0 0257 

459 

0.0249 

440 

0.030 

0.0290 

538 

0.0282 

516 

0.0273 

495 

0.0265 

474 

0.0256 

454 


P' 

d’/d = 

: 0.12 

d'/d = 

: 0.14 

d'/d = 

= 0.16 

d’/d = 

= 0.18 

d’/d = 

= 0.20 

V 

K 

P 

K 

P 

K 

V 

K 

P 

K 

0.002 

0.0148 

259 

0.0148 

257 

0.0147 

256 

0.0146 

255 

0.0146 

254 

0.004 

0.0155 

271 

0.0154 

269 

0 0153 

266 

0 0152 

264 

0.0151 

262 

0.006 

0.0162 

284 

0.0161 

280 

0 0159 

276 

0.0157 

273 

0.0156 

270 

0.008 

0.0170 

296 

0.0167 

291 

0.0165 

286 

0.0163 

282 

0.0161 

277 

0.010 

0.0177 

309 

0.0174 

303 

0.0171 

297 

0.0168 

291 

0.0166 

285 

0.012 

0.0184 

321 

0.0180 

314 

0.0177 

307 

0.0174 

300 

0.0170 

293 

0.014 

0 0191 

334 

0 0187 

325 

0.0183 

317 

0.0179 

309 

0.0175 

301 

0.016 

0.0198 

346 

0 0194 

337 

0.0189 

327 

0 0185 

318 

0.0180 

309 

0.018 

0.0205 

359 

0.0200 

348 

0.0195 

337 

0 0190 

327 

0.0185 

317 

0.020 

0.0212 

372 

0.0207 

359 

0.0201 

347 

0.0196 

336 

0.0190 

324 

0.022 

0.0220 

384 

0.0213 

371 

0.0207 

357 

0.0201 

345 

0.0195 

332 

0.024 

0.0227 

397 

0.0220 

382 

0.0213 

367 

0.0207 

354 

0.0200 

340 

0.026 

0 0234 

409 

0.0227 

393 

0.0219 

378 

0 0212 

362 

0.0205 

348 

0.028 

0.0241 

422 

0.0233 

404 

0.0225 

388 

0.0217 

371 

0.0210 

356 

0 030 

0.0248 

434 

0.0240 

416 

0.0231 

398 

0.0223 

380 

0.0214 

364 


Instructions for Use. — This table is to be used in beams and slabs made of 3750-lb. concrete and having 
compressive reinforcement, except for the special case covered by Table 15. (See also general note under 
Table 5.) 
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Design Values of p and K for f a = 20,000 
Table 15. — Rectangular Beams with Compressive Reinforcement. 

fc = 0.45 /' c 


3750-lb. Concrete n = 8 fc — 1688 


p' 

d'/d = 

: 0.02 

d'/d = 

= 0.04 

d'/d = 

= 0 06 

Oj 

e- 

n 

= 0.08 

d'/d = 0.10 


P 

K 

P 

K 

V 

K 

P 

K 

V 

K 

0.002 

0 0181 

316 

0 0181 

314 

0.0180 

313 

0.0180 

311 

0.0179 

310 

0.004 

0.0192 

338 

0 0191 

335 

0.0190 

332 

0.0189 

329 

0.0188 

326 

0 006 

0.0204 

360 

0 0202 

355 

0.0200 

351 

0 0198 

346 

0.0197 

342 

0 008 

0 0215 

382 

0.0212 

376 

0.0210 

370 

0.0208 

364 

0 . 0206 

358 

0.010 

0.0226 

404 

0.0223 

396 

0.0220 

388 

0.0217 

381 

0.0214 

374 

0.012 

0.0237 

426 

0.0234 

416 

0.0230 

407 

0.0226 

399 

0.0223 

390 

0.014 

0 0249 

448 

0.0244 

437 

0.0240 

426 

0.0236 

416 

0.0232 

406 

0.016 

0.0260 

470 

0.0255 

457 

0.0250 

445 

0.0245 

433 

0.0241 

422 

0 018 

0.0271 

492 

0.0265 

478 

0.0261 

465 

0.0255 

451 

0.0250 

438 

0.020 

0.0282 

514 

0.0276 

498 

0.0271 

484 

0.0265 

468 

0.0259 

454 

0.022 

0.0293 

536 

0.0287 

518 

0.0281 

503 

0.0274 

486 

0.0268 

470 

0 024 

0.0304 

558 

0.0398 

539 

0.0291 

522 

0 0284 

503 

0 0277 

486 

0.026 

0.0316 

580 

0.0308 

559 

0 0301 

541 

0.0293 

521 

0 0286 

502 

0.028 

0.0327 

602 

0 0319 

580 

0.0311 

560 

0 0303 

538 

0 0294 

518 

0.030 

0 0338 

624 

0.0330 

600 

0 0321 

578 

0.0312 

556 

0.0303 

534 


p' 

d'/d = 

0.12 

II 

■ 0.14 

d'/d = 

: 0.16 

d'/d = 

= 0.18 

d'/d = 

= 0.20 

V 

K 

P 

K 

V 

K 

V 

K 

V 

K 

0.002 

0.0178 

309 

0.0178 

307 

0.0177 

306 

0.0177 

305 

0.0176 

304 

0.004 

0.0187 

323 

0.0185 

321 

0.0184 

318 

0.0183 

315 

0.0182 

313 

0.006 

0.0195 

338 

0.0193 

334 

0.0191 

330 

0.0189 

326 

0.0188 

323 

0 008 

0.0203 

352 

0.0201 

347 

0.0199 

342 

0.0196 

337 

0.0194 

332 

0.010 

0.0211 

367 

0.0208 

360 

0.0206 

354 

0.0202 

348 

0.0200 

342 

0.012 

0.0220 

382 

0.0216 

374 

0.0213 

366 

0.0209 

358 

0.0206 

351 

0.014 

0.0228 

396 

0 0224 

387 

0.0220 

378 

0 0215 

369 

0.0212 

361 

0.016 

0.0236 

410 

0.0232 

400 

0.0227 

390 

0 0222 

380 

0 0218 

370 

0.018 

0.0245 

425 

0.0339 

413 

0.0234 

401 

0.0228 

390 

0.0224 

380 

0.020 

0.0253 

440 

0.0247 

427 

0.0241 

414 

0.0235 

401 

0.0230 

389 

0.022 

0.0261 

455 

0.0255 

440 

0.0248 

426 

0.0242 

412 

0.0235 

399 

0.024 

0.0270 

469 

0.0262 

453 

0 0255 

438 

0.0248 

423 

0.0241 

408 

0.026 

0.0278 

484 

0.0270 

466 

0.0263 

449 

0.0255 

433 

0.0247 

418 

0.028 

0.0286 

498 

0.0278 

480 

0.0270 

461 

0.0262 

444 

0.0253 

427 

0.030 

0.0294 

513 

0.0286 

493 

0.0277 

473 

0.0268 

455 

0.0259 

437 


Instructions for Lse. — This table is to be used only at sections adjacent to the supports of continuous 
or fixed beams or of rigid frames, made of 3750 lb. concrete and having compressive reinforcement. (See also 
general note under Table 5.) 
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Design Values of p and K for /« = 20,000 
Table 16. — T-Beams with Compressive Reinforcement 


t 

d 

V 

K 

P' 


2000-lb. Concrete 

n = 15 fc = 800 



d'/d = 

: 0.04 

d'/d = 

0.06 

d'/d = 

= 0.08 

ii 

^3 

= 0.10 

P 

K 

P 

K 

P 

K 

P 

K 

0.04 

0.06 

0.0015 
0 0022 

30 

43 

0.002 

0 0010 

19 

0 0009 

18 

0.0009 

16 

0.0008 

15 

0.08 

0 002Q 

55 

0 004 

0 0020 

38 

0.0019 

35 

0.0018 

32 

0.0016 

30 

0.10 

0 0035 

66 

0.006 

0.0030 

58 

0.0028 

53 

0.0026 

49 

0.0025 

44 

0 12 

U . Uvuu 

0 0040 

76 

0.008 

0 0040 

77 

0.0038 

71 

0.0035 

65 

0.0033 

59 

0!l4 

0i0046 

85 

0.010 

0.0050 

96 

0.0047 

88 

0.0044 

81 

0.0041 

74 

0.16 

0.18 

0.0050 
0 0055 

93 

101 

0.012 

0.0060 

115 

0.0056 

106 

0.0053 

97 

0.0049 

89 

0.20 

0 0059 

107 

0.014 

0.0070 

134 

0.0066 

124 

0.0062 

113 

0.0057 

103 

0.22 

0 00fi2 

113 

0.016 

0.0080 

154 

0.0075 

141 

0.0070 

130 

0.0066 

118 

0 24 

v • yJyJ \)4 

0 0005 

117 

0.018 

0.0090 

173 

0.0085 

159 

0.0079 

146 

0.0074 

133 

0.26 

\J . uUUtl 
0.0068 

121 

0.020 

0 0100 

192 

0.0094 

177 

0.0088 

162 

0.0082 

148 

0.28 

0.30 

0.0070 
0 0072 

125 

128 

0.022 

0.0110 

211 

0.0103 

194 

0 0097 

178 

0.0090 

163 

0.32 

0 0073 

129 

0.024 

0 0120 

230 

0.0113 

212 

0.0106 

194 

0.0099 

177 

0.34 

0.0074 

130 

0.026 

0.0130 

250 

0.0122 

230 

0.0114 

211 

0.0107 

192 

0 36 

0 0075 

131 

0.028 

0 0140 

269 

0.0132 

248 

0.0123 

227 

0.0115 

207 

' k 

0.0075 

131 

0.030 

0.0150 

288 

0.0141 

265 

0.0132 

243 

0.0123 

222 


P' 

d' Id = 

: 0.12 

d'/d = 

= 0.14 

d'/d = 

: 0.16 

ii 

^3 

= 0.18 

d'/d = 

= 0.20 

P 

K 

P 

K 

P 

K 

P 

K 

P 

K 

0.002 

0.0008 

13 

0.0007 

12 

0.0006 

11 

0.0006 

10 

0.0005 


0.004 

0 0015 

27 

0 0014 

24 

0.0013 

21 

0.0012 

19 

0.0010 

17 

0.006 

0.0023 

40 

0.0021 

36 

0 0019 

32 

0.0017 

29 

0.0016 

25 

0.008 

0.0030 

54 

0.0028 

48 

0.0026 

43 

0.0023 

38 

0 0021 

33 

0.010 

0.0038 

67 

0.0035 

60 

0.0032 

54 

0.0029 

48 

0.0026 

42 

0.012 

0 0046 

80 

0.0042 

72 

0.0038 

65 

0.0035 

57 

0 0031 

50 

0.014 

0.0053 

94 

0.0049 

85 

0.0045 

75 

0.0041 

67 

0.0037 

59 

0.016 

0.0061 

107 

0.0056 

97 

0.0051 

86 

0.0047 

76 

0 0042 

67 

0.018 

0.0068 

121 

0.0063 

109 

0.0058 

97 

0.0052 

86 

0 0047 

75 

0.020 

0.0076 

134 

0.0070 

121 

0.0064 

108 

0.0058 

95 

0.0052 

84 

0.022 

0.0084 

147 

0.0077 

133 

0 0070 

118 

0.0064 

105 

0.0057 

92 

0.024 

0.0091 

161 

0 0084 

145 

0.0077 

129 

0.0070 

114 

0.0063 

100 

0.026 

0.0099 

174 

0 0091 

157 

0 0083 

140 

0.0075 

124 

0.0068 

109 

0.028 

0 0106 

188 

0 0098 

169 

0.0090 

151 

0.0081 

133 

0.0073 

117 

0.030 

0.0114 

201 

0.0105 

181 

0 0096 

162 

0.0087 

143 

0.0078 

125 


General Note for Tables 16 to 19 

Instructions for Use. — Ordinarily T-beams require no compressive reinforcement but Tables 16 to 19 
will be found useful where architectural considerations require certain T-joists or beams to carry extraordinary 
loads without increase in depth, or require the removal of portions of the flange. (See also general note under 
Table 5.) 
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Design Values of p and K for f 8 = 20,000 
Table 17 . — T-Beams with Compressive Reinforcement 







2500-lb. Concrete 

n = 12 

fc = 1000 


t 

d 

V 

A 

P # 

d'/d = 

0.04 

d'/d = 

: 0.06 

d'/d = 

» 0.08 

d'/d = 

0.10 





V 

A 

V 

A 

V 

A 

V 

A 

0.04 

0.06 

0.08 

0.10 

0.12 

0.14 

0.0019 
0 0028 
0.0036 
0.0043 
0 0050 
0.0057 

37 

54 

AQ 

0.002 

0 0010 

19 

0.0009 

17 

0 0009 

16 

0.0008 

15 

0.004 

0 0020 

38 

0 0018 

35 

0.0017 

32 

0 0016 

29 

oy 

83 

95 

107 

0.006 

0 0029 

57 

0.0028 

52 

0 0026 

48 

0 0024 

44 

0.008 

0 0039 

75 

0 0037 

70 

0 0035 

64 

0 0032 

58 

0.010 

0 0049 

94 

0.0046 

87 

0.0043 

80 

0.0040 

73 

0.16 

0.18 

0.20 

0.22 

0.24 

0.26 

0.0063 
0 0068 
0.0073 
0.0078 
0.0082 
0.0085 

117 

126 

134 

141 

147 

152 

0.012 

0 0059 

113 

0.0055 

104 

0.0052 

96 

0.0048 

87 

0.014 

0.0069 

132 

0 0065 

122 

0 0061 

112 

0 0056 

102 

0.016 

0 0079 

151 

0.0074 

139 

0.0069 

127 

0 0065 

116 

0.018 

0 0088 

170 

0.0083 

157 

0 0078 

143 

0.0073 

131 

0.020 

0.0098 

189 

0.0092 

174 

0.0087 

159 

0.0081 

145 

0.28 

0.30 

0.32 

0.34 

0.36 

k 

0.0088 
0 0090 
0 0092 
0 0093 
0 0094 
0.0094 

156 

160 

162 

163 

164 
164 

0.022 

0 0108 

207 

0.0102 

191 

0.0095 

175 

0.0089 

160 

0.024 

0 0118 

226 

0.0111 

209 

0 0104 

191 

0 0097 

174 

0.026 

0.0128 

245 

0.0120 

226 

0.0113 

207 

0 0105 

189 

0.028 

0.0138 

264 

0.0129 

244 

0.0121 

223 

0 0113 

203 

0.030 

0.0147 

283 

0.0139 

261 

0.0130 

239 

0.0121 

218 


p' 

d’/d = 

0.12 

d’/d = 

0.14 

d'/d = 

0.16 

d'/d = 

0.18 

d'/d = 

0.20 

V 

A’ 

P 

A 

V 

A 

P 

A 

V 

A 

0.002 

0.0007 

13 

0.0007 

12 

0.0006 

11 

0.0006 

9 

0.0005 

8 

0.004 

0 0015 

26 

0.0014 

24 

0.0013 

21 

0 0011 

19 

0.0010 

16 

0.006 

0 0022 

40 

0.0021 

36 

0.0019 

32 

0 0017 

28 

0.0015 

25 

0.008 

0.0030 

53 

0.0028 

47 

0.0025 

42 

0.0023 

37 

0 0021 

33 

0.010 

0.0037 

66 

0.0034 

59 

0.0032 

53 

0.0029 

47 

0.0026 

41 

0.012 

0.0045 

79 

0.0041 

71 

0.0038 

64 

0.0034 

56 

0.0031 

49 

0.014 

0.0052 

92 

0.0048 

83 

0 0044 

74 

0.0040 

66 

0.0036 

57 

0.016 

0 0060 

105 

0.0055 

95 

0.0050 

85 

0.0046 

75 

0.0041 

66 

0.018 

0 0067 

119 

0.0062 

107 

0.0057 

95 

0 0051 

84 

0.0046 

74 

0.020 

0.0075 

132 

0.0069 

119 

0.0063 

106 

0.0057 

94 

0.0051 

82 

0.022 

0 0082 

145 

0.0076 

130 

0.0069 

117 

0.0063 

103 

0.0056 

90 

0.024 

0 0090 

158 

0.0083 

142 

0 0076 

127 

0.0069 

112 

0 0062 

99 

0.026 

0 0097 

171 

0.0090 

154 

0 0082 

138 

0.0074 

122 

0 0067 

107 

0.028 

0 0105 

185 

0.0097 

166 

0.0088 

148 

0.0080 

131 

0.0072 

115 

0.030 

0.0112 

198 

0 0103 

178 

0.0095 

159 

0.0086 

140 

0.0077 

123 


See instructions for use under Table 16. 
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Design Values of p and K for f 8 = 20,000 
Table 18. T-Beams with Compressive Reinforcement 


t 

d 

P 

K 

V ' 


3000-lb. Concrete 

n = 10 

fc = 1200 


d'/d = 

= 0.04 

d'/d = 

= 0.06 

d'/d = 

= 0.08 

d'/d = 

= 0.10 

P 

K 

P 

K 

P 

K 

P 

K 

0.04 

0.0023 

45 










0.06 

0.0033 

64 

0.002 

0.0010 

19 

0.0009 

17 

0.0008 

16 

0.0008 

14 

0.08 

0.0043 

82 

0 . 004 

0.0019 

37 

0.0018 

34 

0.0017 

31 

0 0016 

29 

0.10 

0 0052 

99 

0.006 

0 . 0029 

56 

0.0027 

51 

0.0025 

47 

0 . 0024 

43 

0.12 

0.0061 

114 

0.008 

0 0039 

74 

0.0036 

68 

0 0034 

63 

0.0032 

57 

0.14 

0.0068 

128 

0.010 

0.0048 

93 

0.0045 

85 

0.0042 

78 

0.0040 

71 

0.16 

0.0076 

140 










0.18 

0.0082 

151 

0.012 

0.0058 

111 

0.0054 

102 

0.0051 

94 

0 . 0048 

86 

0 20 

0 . 0088 

161 

0.014 

0 0068 

130 

0.0064 

119 

0.0059 

109 

0.0056 

100 

0.22 

0.0093 

169 

0.016 

0.0077 

148 

0.0073 

136 

0.0068 

125 

0 0063 

114 

0.24 

0 . 0098 

176 

0 . 018 

0.0087 

167 

0.0082 

154 

0 0076 

141 

0 0071 

128 

0.26 

0.0102 

182 

0.020 

0 . 0096 

185 

0.0091 

171 

0.0085 

156 

0.0079 

143 

0.28 

0 0105 

187 










0.30 

0.0108 

192 

0.022 

0.0106 

204 

0.0100 

188 

0.0093 

172 

0.0087 

157 

0.32 

0.0110 

194 

0 . 024 

0.0116 

222 

0.0109 

205 

0.0102 

188 

0.0095 

171 

0.34 

0.0112 

196 

0.026 

0.0125 

241 

0.0118 

222 

0.0110 

204 

0.0103 

185 

0.36 

0 0112 

197 

0.028 

0.0135 

260 

0.0127 

239 

0.0119 

219 

0.0111 

200 

k 

0.0113 

197 

0.030 

0.0145 

278 

0 0136 

256 

0.0127 

235 

0.0119 

214 


P' 

d’/d = 

= 0.12 

P 

K 

0.002 

0 0007 

13 

0.004 

0.0015 

26 

0.006 

0 0022 

39 

0.008 

0 0029 

52 

0.010 

0.0037 

65 

0.012 

0 0044 

78 

0.014 

0 0051 

90 

0.016 

0.0059 

103 

0.018 

0.0066 

116 

0.020 

0.0073 

129 

0.022 

0.0081 

142 

0.024 

0.0088 

155 

0.026 

0.0095 

168 

0.028 

0.0103 

181 

0.030 

0.0110 

194 


d'/d = 0.14 


P 

K 

0.0007 

12 

0.0014 

23 

0.0020 

35 

0.0027 

47 

0 0034 

58 

0.0041 

70 

0.0047 

81 

0.0054 

93 

0.0061 

105 

0.0068 

116 

0.0074 

128 

0.0081 

140 

0.0088 

151 

0.0095 

163 

0.0102 

175 


d'/d = 0.16 


P 

K 

0.0006 

10 

0.0012 

21 

0 0019 

31 

0 . 0025 

42 

0.0031 

52 

0.0037 

62 

0.0043 

73 

0.0050 

83 

0.0056 

94 

0.0062 

104 

0.0068 

114 

0.0074 

125 

0.0080 

135 

0.0087 

146 

0.0093 

156 


d'/d = 0.18 


P 

K 

0.0006 

9 

0.0011 

18 

0 0017 

28 

0 0022 

37 

0.0028 

46 

0 0034 

55 

0.0039 

65 

0 0045 

74 

0 0051 

83 

0.0056 

92 

0 0062 

101 

0.0067 

111 

0 0073 

120 

0 0079 

129 

0.0084 

138 


d'/d = 

= 0.20 

P 

K 

0.0005 

8 

0 0010 

16 

0 0015 

24 

0 0020 

32 

0.0025 

40 

0 0030 

48 

0.0035 

56 

0.0040 

64 

0.0045 

73 

0.0050 

81 

0 0055 

89 

0 . 0060 

97 

0.0066 

105 

0.0071 

113 

0.0076 

121 


See instructions for use under Table 16. 
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Design Values of p and K for f 8 — 20,000 
T . able 19 . T - Beams with Compressive Reinforcement 


t 

d 

P 

A ' 

P' 



3750 - lb . Concrete 

n = 8 . 

fc = 1500 


d'/d = 

0.04 

d'/d = 

= 0.06 

d'/d = 

: 0.08 

d'/d = 

0.10 

P 

A 

P 

A 

P 

A 

P 

A 

0.04 

0 0028 

56 










0.06 

0 0041 

80 

0.002 

0.0009 

18 

0.0009 

17 

0.0008 

15 

0 . 0008 

14 

0.08 

0.0054 

103 

0.004 

0.0019 

36 

0.0018 

33 

0.0017 

30 

0.0015 

28 

0.10 

0.0065 

124 

0 006 

0 0028 

54 

0.0026 

50 

0.0025 

46 

0.0023 

42 

0.12 

0.0076 

143 

0.008 

0 0038 

72 

0.0035 

66 

0.0033 

61 

0 0031 

55 

0.14 

0.0085 

160 

0.010 

0.0047 

90 

0.0044 

83 

0.0041 

76 

0.0038 

69 

0.16 

0.0094 

175 










0.18 

0.0103 

189 

0.012 

0.0056 

108 

0.0053 

100 

0.0050 

91 

0.0046 

83 

0.20 

0 0110 

201 

0.014 

0 0066 

126 

0.0062 

116 

0.0058 

106 

0 . 0054 

97 

0.22 

0 0117 

211 

0.016 

0.0075 

144 

0.0071 

133 

0.0066 

122 

0.0062 

111 

0.24 

0.0122 

220 

0.018 

0.0084 

162 

0.0079 

149 

0.0074 

137 

0.0069 

125 

0.26 

0.0127 

228 

0.020 

0.0094 

180 

0.0088 

166 

0.0083 

152 

0.0077 

139 

0.28 

0.0132 

234 










0.30 

0.0135 

240 

0.022 

0.0103 

198 

0.0097 

183 

0.0091 

167 

0.0085 

152 

0.32 

0.0138 

242 

0 . 024 

0.0112 

216 

0.0106 

199 

0.0099 

182 

0.0092 

166 

0.34 

0.0139 

245 

0.026 

0.0122 

234 

0.0115 

216 

0.0107 

198 

0.0100 

180 

0.36 

0.0140 

246 

0.028 

0.0131 

252 

0.0124 

232 

0.0116 

213 

0.0108 

194 

k 

0.0140 

246 

0.030 

0.0141 

270 

0.0132 

249 

0.0124 

228 

0.0116 

208 


P r 

d'/d = 

= 0.12 

d'/d = 

= 0.14 

P 

A 

P 

A 

0.002 

0.0007 

13 

0 0007 

11 

0.004 

0.0014 

25 

0.0013 

23 

0.006 

0.0021 

38 

0 . 0020 

34 

0.008 

0.0029 

50 

0.0026 

45 

0.010 

0.0036 

63 

0.0033 

57 

0.012 

0.0043 

75 

0.0039 

68 

0.014 

0 0050 

88 

0.0046 

79 

0.016 

0.0057 

100 

0.0053 

91 

0.018 

0 0064 

113 

0.0059 

102 

0.020 

0.0071 

126 

0.0066 

113 

0.022 

0.0079 

138 

0.0072 

125 

0.024 

0 0086 

151 

0.0079 

136 

0.026 

0.0093 

163 

0.0086 

147 

0.028 

0.0100 

176 

0.0092 

158 

0.030 

0.0107 

188 

0.0099 

170 


See instructions for use under Table 16. 


d'/d = 

• 0.16 

d'/d = 

= 0.18 

d'/d = 

- 0.20 

P 

A 

P 

A 

P 

A 

0 0006 

10 

0.0005 

9 

0.0005 

8 

0 0012 

20 

0 0011 

18 

0.0010 

16 

0.0018 

30 

0.0016 

27 

0 0015 

24 

0.0024 

40 

0.0022 

36 

0.0020 

31 

0.0030 

51 

0.0027 

45 

0.0024 

39 

0.0036 

61 

0.0033 

54 

0.0029 

47 

0.0042 

71 

0.0038 

63 

0.0034 

55 

0.0048 

81 

0.0044 

72 

0 0039 

63 

0 0054 

91 

0.0049 

81 

0.0044 

71 

0.0060 

101 

0.0055 

90 

0.0049 

78 

0.0066 

111 

0.0060 

99 

0.0054 

86 

0.0072 

121 

0.0066 

108 

0 0059 

94 

0.0078 

132 

0.0071 

116 

0.0064 

102 

0.0084 

142 

0.0076 

125 

0.0069 

110 

0.0090 

152 

0 0082 

134 

0.0074 

118 
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Bending and Direct Compression — Circular Sections 
Diagram 20. — Case I — 2000-lb. Concrete — n = 15 

O .05 JO J5 .20 .25 .30 .35.37 



General Note for Diagrams 20 to 65 

These diagrams are based on circular or rectangular sections in which the reinforcement is symmetrically 
placed with respect to gravity axis at right angles to the plane in which the load is eccentric. 

Instructions for Use of Diagrams 20 to 24— Enter the diagram with the value of e/r and proceed 
vertically to an intersection with the sloping index line for an assumed value of po. From this intersection 
pass horizontally to the right or left marginal scale and read off the value of Q. Solve for/c in formula (106) 
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Bending and Direct Compression — Circular Sections 
Diagram 21. Case I — 2500-lb. Concrete — n = 12 



See instructions for use and also general note under Diagram 20. 
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Bending and Direct Compression — Circular Sections 
Diagram 22. — Case I — 3000-lb. Concrete — n = 10 



See instructions for use and also general note under Diagram 20. 


V o / u 
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Bending and Direct Compression — Circular Sections 
Diagram 23. — Case I — 3750-lb. Concrete — n = 8 



See instructions for use and also general note under Diagram 20. 
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Bending and Direct Compression — Circular Sections 
Diagram 24. — Case I — 5000-lb. Concrete — n = 6 



See instructions for use and also general note under Diagram 20. 
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Bending and Direct Compression — Circular Sections 
Diagram 25. — Case II — 2000-lb. Concrete — n = 15 



Instructions for Use of Diagrams 25 to 29. — Enter the upper part of the diagram with the value of 
r/e and proceed horizontally to an intersection with the index line for an assumed value of po. Pass vertically 
to the upper marginal scale and read off the value Ri/fc. 

Enter the lower part of the diagram in the same manner. From the intersection with the po index line 
pass vertically to the lower marginal scale and read off the value of fs/Ri. 

Solve formulas (107), (108) and (109) for values oifc and f$. (See also general note under Diagram 20.) 
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Bending and Direct Compression— Circular Sections 
Diagram 26. Case II — 2500-lb. Concrete — n = 12 



v o / u e s of — 


See instructions for use under Diagram 25 . 


Vo/ 
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Bending and Direct Compression — Circular Sections 
Diagram 27. — Case II — 3000-lb. Concrete — n = 10 

V o / u e s or* 



* 


See instructions for use under Diagram 25. 


& n 


64 


Design and Cost Data for the Building Code. 


Bending and Direct Compression — Circular Sections 
Diagram 28. — Case II — 3750-lb. Concrete — n = 8 




See instructions for use under Diagram 25. 
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Bending and Direct Compression— Circular Sections 
Diagram 29.— Case II— 5000-lb. Concrete— » = 6 


Values of 


#/ 




See instructions for use under Diagram 25. 
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Bending and Direct Compression — Rectangular Sections 
Diagram 30. — Case I — 2000-lb. Concrete — n — 15 — d ' = 0.0 5 t 



Instructions for t se of Diagrams 30 to 45. — Enter the diagram with the value of eft and proceed 
vertically to an intersection with the sloping index line for an assumed value of po. From this intersection 
pass horizontally to the right or left marginal scale and read off the value of Z. Solve formula (110) for the 
stress in the concrete. (See also general note under Diagram 20.) 


° A 
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Bending and Direct Compression — Rectangular Sections 
Diagram 31. — Case I — 2000-lb. Concrete — n = 15 — d ' = O.B 


N 

Hs 

o 

«> 

0 ) 



See instructions for use under Diagram 30, page 66. 


If o 
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Bending and Direct Compression— Rectangular Sections 
Diagram 32. — Case I — 2000-lb. Concrete — n = 15 — d ' = 0.15£ 



Sec instructions for use under Diagram 30, page 66. 
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Bending and Direct Compression — Rectangular Sections 
Diagram 33. — Case I — 2000-lb. Concrete — n = 15— d ’ = 0 . 2 t 



See Instructions for use under Diagram 30, page 66. 


Vo/ 
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Bending and Direct Compression— Rectangular Sections 
Diagram 34. — Case I — 2500-lb. Concrete — n = 12 d ' = 0.05< 



See instructions for use under Diagram 30, page 66. 
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Bending and Direct Compression — Rectangular Sections 
Diagram 35. — Case I — 2500-lb. Concrete — n = 12 — d' = 0.1£ 



See instructions for use under Diagram 30, page 66. 


V o 
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Bending and Direct Compression — Rectangular Sections 
Diagram 36. — Case I — 2500-lb. Concrete — n — 12 — d ' = 0 . 15 t 



See instructions for use under Diagram 30, page 66. 


V a 
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Bending and Direct Compression — Rectangular Sections 
Diagram 37. — Case I — 2500-lb. Concrete — n — 12 — d ' = 0.2 1 



See instructions for use under Diagram 30, page 66. 


° A 
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Bending and Direct Compression-Rectangular Sections 
Diagram 38. — Case I — 3000-lb. Concrete — n = 10 d ! — 0.05< 



Vo / <✓ e 3 o Z 1 g 


See instructions for use under Diagram 30, page 66. 
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Bending and Direct Compression — Rectangular Sections 
Diagram 39. — Case I — 3000-lb. Concrete — n = 10 d ' = 0.1 1 



See instructions for use under Diagram 30, page 66. 


Vo / 
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Bending and Direct Compression — Rectangular Sections 
Diagram 40— Case I— 3000-lb. Concrete— rc = 10 d ' = 0.15J 



See instructions for use under Diagram 30, page 66. 


* A 
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Bending and Direct Compression — Rectangular Sections 
Diagram 41— Case I— 3000-lb. Concrete— n = 10 d ! = 0.2 1 



See instructions for use under Diagram 30, page 60. 
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Bending and Direct Compression — Rectangular Sections 
Diagram 42. — Case I — 3750-lb. Concrete — n = 8 — d' = 0.05£ 
O 
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See instructions for use under Diagram 30, page 66. 
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Bending and Direct Compression-Rectangular Sections 
Diagram 43. Case I — 3750-lb. Concrete — n = 8 — d ' = 0.1; 



See instructions for use under Diagram 30, page 66. 
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Bending and Direct Compression — Rectangular Sections 
Diagram 44. — Case I — 3750-lb. Concrete — n = 8 — d ' = 0 . l 5 t 
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See instructions for use under Diagram 30, page 66. 
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Bending and Direct Compression— Rectangular Sections 
Diagram 45. — Case I — 3750-lb. Concrete — n = 8 — d ' — 0.2 1 



See instructions for use under Diagram 30, page 66. 
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Bending and Direct Compression — Rectangular Sections 
Diagram 46. — Case II — 2000-lb. Concrete — n - 15 — d ' = 0.05* 




• Instructions for Use.— Enter the diagram with the value of e/t and proceed vertically to an intersect on 
with a horizontal line drawn through an assumed value of po on the left or right marginal scale. Read off on 
the inclined scales the value of k. With this value of k enter Diagram 50. (See also general note under 
Diagram 20.) 
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Bending and Direct Compression — Rectangular Sections 
Diagram 47. — Case II — 2000-lb. Concrete — n = 15 — d f = O.R 



QS 



•m I N wi U ^f°fr F0 5 1 8E ' + u Ente l the dlagrarr l Wlt i h the value of e/t and proceed vertically to an intersection 
drJ T thr rT h v , aIue ? f , Vo on the left or marginal scale. Read off on 

DUgra 20 ) ^ ^ U68 ° f *' Wlth thlS Va Ue ° f k 6nter Diagram 50 * (See alfl0 general note under 


84 


Design and Cost Data fob the Building Code. 


Bending and Direct Compression— Rectangular Sections 
Diagram 48. — Case II — 2000-lb. Concrete — n = 15 — d ' = 0.15< 




.* L'!fJ RU r ,0TO f 0R Use.— E nter the diagram with the value of e/( and proceed vertically to an intersec- 
tion with a horizontal line drawn through an assumed value of p 0 on the left or right marginal scale Read 

DiTtS 803168 the value8 0t With this value of A enter Dia « ra “ 50 (^“ogenemUote unto 
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Bending and Direct Compression — Rectangular Sections 
Diagram 49— Case II— 2000-lb. Concrete — n = 15— d ' = 0.2/ 




Instructions for Use. — Enter the diagram with the value of e/t and proceed vertically to an intersec- 
tion with a horizontal line drawn through an assumed value of po on the left or right marginal scale. Read 
off on the inclined scales the values of k. With this value of k enter Diagram 50. (See also general note under 
Diagram 20.) 
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Bending and Direct Compression — Rectangular Sections 
Diagram 50. — (Part One) — Case II — 2000-lb. Concrete — n = 15 



, F0 ^ UsE - The vi alue ol f k must first be obtained from Diagrams 46 (or 47, 48 or 49, accord- 

_ e of d /{ ln the member beln g designed). The value of po used in those diagrams must be modified 


as follows: 


po used in Diagram 46 must be divided by 0.79 ( d ' = 0.05/) 
po used in Diagram 47 used without modification ( d ' = 0.1<) 
po used in Diagram 48 must be divided by 1.306 (d' = 0.15/) 
po used in Diagram 49 must be divided by 1.78 ( d ' = 0.2/) 

(Instructions continued under Part Two). 
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Bending and Direct Compression— Rectangular Sections 
Diagram 50.-(Part Two)-Case II-2000-lb. Concrete — n = 15 



(Instructions continued from preceding page). 

corresponding totSe m^fiedvidSof 0 ^ In terSct^n i Wi J h , 8, f oping index line 

pal scale and read off the value of L Solve fomtSw ?3 nS??^fti^ 12 ? ntalIy - to A he left or right “ar- 
ming steel. (See also general note binder C 20? * (32) ^ the Stre3Sea ln the concrete and 


mar- 

rein- 
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Bending and Direct Compression — Rectangular Sections 
Diagram 51. — Case II — 2500-lb. Concrete — n = 12 — d ' = 0 . 05 t 




Instructions for Use— Enter the diagram with the value of e/t and proceed vertically to an intersec- 
tion with a horizontal line drawn through an assumed value of po on the left or right marginal scale. Read 
off on the inclined scales the values of k . With this value of k enter Diagram 55. (See also general note under 
Diagram 20.) 
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Bending and Direct Compression — Rectangular Sections 
Diagram 52. — Case II — 2500-lb. Concrete — n = 12 — d ' = 0.1< 




Instructions for Use. Enter the diagram with the value of e/t and proceed vertically to an intersec- 
ts 11 with a honzonta line drawn through an assumed value of p 0 on the left or right marginal scale. Read 
Dii^m20 C ) ned 8Ca 68 the Va UeS ° f *’ With thlS Value ° f k enter Diagram 55 - ^ ee also general note under 
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Bending and Direct Compression— Rectangular Sections 
Diagram 53. — Case II — 2500-lb. Concrete — n — 12 — d r = 0.1 
02 0.3 



005 



Instructions for Use— Enter the diagram with the value of e/t and proceed vertically to an intersec- 
tion with a horizontal line drawn through an assumed value of p 0 on the left or right marginal scale. Read 
off on the inclined scales the values of k. With this value of k enter Diagram 55. ( See also general note under 
Diagram 20.) 
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Bending and Direct Compression— Rectangular Sections 
Diagram 54. — Case II — 2500-lb. Concrete — n — 12 — d' = 0.2 1 




♦inn If [f? RU f TI ? NS FOR Use— Enter the diagram with the value of eft and proceed vertically to an interser 
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Bending and Direct Compression — Rectangular Sections 
Diagram 55. — (Part One)— Case II — 2500-lb. Concrete — n = 12 



Instructions for Use. — The value of k must first be obtained from Diagrams 51 (or 52, 53, or 54, 
ing to value of d' /t in the member being designed). The value of po used in those diagrams must be modified 
as follows: 

po used in Diagram 51 must be divided by 0.79 id' — 0.050 
po used in Diagram 52 used without modification ( d ' = 0.10 
po used in Diagram 53 must be divided by 1.306 (d' = 0.150 
po used in Diagram 54 must be divided by 1.78 (d' = 0.20 

(Instructions continued under Part Two) 


Design and Cost Data for the Building Code. 


93 


Bending and Direct Compression — Rectangular Sections 
Diagram 55 . — (Part Two) — Case II — 2500-lb. Concrete — n = 12 



(Instructions continued from preceding page) 

Enter the diagram with the value of k and proceed vertically to an intersection with the sloping index 
line corresponding to the modified value of po- From this intersection pass horizontally to the left or right 
marginal scale and read off the value of L. Solve formulas (31) and (32) for the stresses in the concrete and 
reinforcing steel. (See also general note under Diagram 20.) 
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Bending and Direct Compression — Rectangular Sections 
Diagram 56— Case II— 3000-lb. Concrete — n = 10 d ' = 0.05* 




Instructions for Use. — Enter the diagram with the value of e/t and proceed vertically to an inter- 
section with a horizontal line drawn through an assumed value of j>o on the left or right marginal scale. Read 
off on the inclined scales the values of k. With this value of k enter Diagram CO. (See also general note under 
Diagram 20.) 
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Bending and Direct Compression — Rectangular Sections 
Diagram 57. — Case II — 3000-lb. Concrete — n *= 10 d! — 0.R 




Instructions for Use. — Enter the diagram with the value of elt and proceed vertically to an intersec- 
tion with a horizontal line drawn through an assumed value of po on the left or right marginal scale. Read 
off on the inclined scales the value of k. With this value of k enter Diagram 60. (See also general note under 
Diagram 20.) 
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Bending and Direct Compression — Rectangular Sections 
Diagram 58. — Case II — 3000-lb. Concrete — n = 10 d ! — 0.15 1 




Instructions for Use.— Enter the diagram with the value of e/t and proceed vertically to an intersec- 
tion with a horizontal line drawn through an assumed value of po on the left or right marginal scale. Read 
off on the inclined scales the value of k. With this value of k enter Diagram 60. (See also general note under 
Diagram 20.) 


Vo/ 
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Bending and Direct Compression — Rectangular Sections 
Diagram 59. — Case II — 3000-lb. Concrete — n = 10 d ' = 0.2/ 




P0R .Use— E nter the diagram with the value of e/t and proceed vertically to an intersee- 
tion with a honzonta line drawn through an assumed value of p 0 on the left or right marginal scale Read 

lS^r^ 20 C ) med 8Ca 68 the Va Ue ° f L Wlth thb Valu ® ° f k 6nter Diagram 60 - (&e also general note unde^ 
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Bending and Direct Compression — Rectangular Sections 
Diagram 60 — (Part One)— Case II— 3000-lb. Concrete— n = 10 



Instructions for Use. — The value of k must first be obtained from Diagrams 56 (or 57, 58 or 59, accord* 
ing to value of d'lt in the member being designed). The value of po used in those diagrams must be modmed 
as follows: 

P 0 used in Diagram 56 must be divided by 0.79 ( d' = 0.050. 

Po used in Diagram 57 used without modification ( d ' = 0.10. 

Po used in Diagram 58 must be divided by 1.306 (d' = 0.150. 

Po used in Diagram 59 must be divided by 1.78 (d' = 0.20. 

(Instructions continued under Part Two.) 
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Bending and Direct Compression — Rectangular Sections 
Diagram 60. — (Part Two) — Case II — 3000-lb. Concrete — n = 10 
0.5 0.6 0.7 0-6 0.9 / O 



(Instructions continued from preceding page.) 

Enter the diagram with the value of k and proceed vertically to an intersection with the sloping index 
line corresponding to the modified value of po. From this intersection pass horizontally to the left or right 
marginal scale and read off the value of L. Solve formulas (31) and (32) for the stresses in the concrete and 
reinforcing steel. (See also general note under Diagram 20.) 
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Bending and Direct Compression — Rectangular Sections 
Diagram 61 —Case II— 3750-lb. Concrete — n = 8 — d ' = 0.05£ 




Instructions for Use. — Enter the diagram with the value of e/t and proceed vertically to an intersec- 
tion with a horizontal line drawn through an assumed value of po on the left or right marginal scale. Read 
off on the inclined scales the values of k. With this value of k enter Diagram 65. (See also general note under 
Diagram 20.) 
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Bending and Direct Compression— Rectangular Sections 
Diagram 62. — Case II — 3750-lb. Concrete — n = 8 — d ' = 0.1£ 




Instructions for Use — Enter the diagram with the value of e/t and proceed vertically to an intersec- 
ts 11 with a horizontal line drawn through an assumed value of p 0 on the left or right marginal scale. Read 
off on the mclined scales the values of k. With this value of k enter Diagram 65. (See also general note under 
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Bending and Direct Compression — Rectangular Sections 
Diagram 63. — Case II — 3750-lb. Concrete — n = 8 — d ' = 0.15£ 




Instructions for Use. — Enter the diagram with the value of e/t and proceed vertically to an intersec- 
tion with a horizontal line drawn through an assumed value of po on the left or right marginal scale. Read 
off on the inclined scales the values of k. With this value of k enter Diagram 65. (See also general note under 
Diagram 20.) 
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Bending and Direct Compression — Rectangular Sections 
Diagram 64. — Case II — 3750-lb. Concrete — n — 8 — d f = 0.2 1 



Instructions for l se. Enter the diagram with the value of e/< and proceed vertically to an intersec- 
tion with a horizontal line drawn through an assumed value of po on the left or right marginal scale. Read 


off on the inclined scales the values of k . 
Diagram 20.) 


With this value of k enter Diagram 65. (See also general note under 
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Bending and Direct Compression — Rectangular Sections 
Diagram 65. — (Part One) — Case II — 3750-lb. Concrete — n = 8 



Instructions for Use. — The value of k must first be obtained from Diagrams 61 (or 62, 63 or 64, accord- 
ing to value of d'/t in the member being designed). The value of po used in those diagrams must be modified 
as follows: 

po used in Diagram 61 must be divided by 0.79 (d' = 0.050* 
po used in Diagram 62 used without modification ( d ' = 0.10 
po used in Diagram 63 must be divided by 1.306 (d' = 0.150 
po used in Diagram 64 must be divided by 1.78 (d' = 0.20 

(Instructions continued under Part Two.) 
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Bending and Direct Compression — Rectangular Sections 
Diagram 65. — (Part Two) — Case II — 3750-lb. Concrete — n = 8 

0.5 0.6 0.7 0.6 0.9 /O 



Values of k 


(Instructions continued from preceding page.) 

Enter the diagram with the value of k and proceed vertically to an intersection with the sloping index line 
corresponding to the modified value of po. From this intersection pass horizontally to the left or right mar- 
ginal scale and read off the value of L. Solve formulas (31) and (32) for the stresses in the concrete and rein- 
forcing steel. (See also general note under Diagram 20.) 
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Diagram 66. — Maximum Size op Stirrup Bars 
Perm /ss /6/e Effective Depth of Beam ,ef, in inches 



This diagram is based on the requirement that a tensile stress of 16,000 lb. per sq. in. in the stirrup or 
web reinforcement bar can be developed by bond on the surface area of the bar embedded within the upper 
or lower half of the beam at a unit stress of 0.04 f'c for plain bars or of 0.05 fc for deformed bars. The dia- 
gram is based on the usual U-shaped stirrups, anchored at one face of the beam by bending around the longi- 
tudinal bars and at the other by means of hooked ends. The diagram is based on a length of hook such that 
if straightened out, the end of the bar would project 5 in. beyond the surface of the beam. In case stirrup 
bars larger than the values obtained by this diagram are used the length of hook must be increased or the 
tensile stress reduced to that which can be developed by bond on the surface of the bars, including the hook, 
embedded within the half depth of beam. 

For vertical stirrups the maximum size of stirrup for any effective depth of beam is obtained directly 
from that rectangle in the diagram corresponding to the strength of concrete to be used. For inclined web 
members the maximum size for any effective depth will be larger than that given by the diagram and may be 
computed by the formula — 

.. . ~ (d— 1) cosec a 4- 6 

C, = D ” 7+5 

in which Di = maximum size of inclined web member. 

Di i = maximum size of vertical stirrup by diagram 66. 

d = effective depth of beam. 

a = angle between inclined web member and the horizontal. 
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Table 67. — Values of NA v for U-Shaped Stirrups 


Number of Stirrups 
at One End 

Size of Stirrup 

Yx in. round 

% in. round 

l A in. round 

H in. square 

% in. round 

in. round 

20 

1.96 

4.42 

7.85 

10.00 

12.27 

17.67 

19 

1.87 

4.20 

7.46 

9.50 

11.66 

16.79 

18 

1.77 

3.97 

7.07 

9.00 

11.04 

15.90 

17 

1.67 

3.75 

6.67 

8.50 

10.43 

15.02 

16 

1.57 

3.53 

6.28 

8.00 

9.82 

14.14 

15 

1.47 

3.31 

5.89 

7.50 

9.20 

13.25 

14 

1.37 

3.09 

5.50 

7.00 

8.59 

12.37 

13 

1.28 

2.87 

5.10 

6.50 

7.98 

11.49 

12 

1.18 

2.65 

4.71 

6.00 

7.36 

10.60 

11 

1.08 

2.43 

4.32 

5.50 

6.75 

9.72 

10 

0.98 

2.21 

3.93 

5.00 

6.14 

8.84 

9 

0.88 

1.99 

3.53 

4.50 

5.52 

7.95 

8 

0.79 

1.77 

3 14 

4.00 

4.91 

7.07 

7 

0.69 

1.55 

2.75 

3.50 

4.30 

6.19 

6 

0.59 

1.32 

2.36 

3.00 

3.68 

5.30 

5 

0.49 

1.10 

1.96 

2.50 

3.07 

4.42 

4 

0.39 

0.88 

1.57 

2.00 

2.45 

3.53 

3 

0.29 

0.66 

1.18 

1.50 

1.84 

2.65 

2 

0.20 

0.44 

0.79 

1.00 

1.23 

1.77 

1 

0.10 

0.22 

0.39 

0.50 

0.61 

0.88 


Instructions for Use.— The areas given in this table are the right sectional areas of two legs each for 
the size of stirrup bar shown in the heading and for the number of stirrups given at the left. 

. The number of stirrups is the number at each end for a uniformly loaded beam, or the number of stirrups 
within the base distance a, in Fig. 7 or 9, of the trapezoid under the shear curve for which stirrups are being 
designed by formulas (117) or (118). 
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Table 68. — Spacing of U-Shaped Stirrups — Cases II and III 





Spacing, Center to Center of Stirrups, in 

Terms of a 



Number of 
Stirrups at 
One End 

First 

Stirrup to 
Face of 

1st Group 

2nd Group 

3rd Group 

4th Group 

5th Group 


Support 

No. 

Spacing 

No. 

Spacing 

No. 

Spacing 

No. 

Spacing 

No. 

Spacing 

20 

0.013a 

8 

0.03a 

7 

0.04a 

2 

0.06a 


1 

0.08a 

1 

0.11a 

19 

0.013a 

7 

0.03a 

6 

0.04a 

3 

0.06a 


1 

0.08a 

1 

0.12a 

18 

0 014a 

6 

0.03a 

5 

0.04a 

4 

0.06a 


1 

0.08a 

1 

0.12a 
0 13a 
0.13a 

17 

0.015a 

5 

0.03a 

5 

0.04a 

4 

0.06a 


1 

0.09a 

1 

16 

0.016a 

3 

0.03a 

5 

0.04a 

5 

0.06a 


1 

0.09a 

1 

15 

0.017a 

2 

0.03a 

5 

0.04a 

4 

0.06a 


2 

0 08a 
0.09a 
0.09a 

1 

1 

0 14a 
0 14a 
0.14a 

14 

0.018a 

5 

0.04a 

4 

0.05a 

2 

0.08a 


1 

13 

0.019a 

4 

0.04a 

3 

0.05a 

3 

0.08a 


1 

1 

12 

0.021a 

6 

0.05a 

3 

0.07a 

1 

0.12a 


1 

0.15a 

0.15a 




11 

0.023a 

5 

0.05a 

3 

0.08a 

1 

0.12a 


1 




10 

0.025a 

3 

0.05a 

4 

0.08a 

1 

0.12a 


1 

0.16a 

0.17a 

0.18a 




9 

0.028a 

3 

0.06a 

3 

0.09a 

1 

0.12a 


1 




8 

0.032a 

2 

0.07a 

3 

0.09a 

1 

0.13a 


1 




7 

0.036a 

3 

0.08a 

2 

0.13a 

1 

0.20a 






* 

6 

0.04a 

3 

0.10a 

1 

0.15a 

1 

0.22a 







5 

0.05a 

2 

0.12a 

1 

0.16a 

1 

0.23a 



s' Corriec/ 
r byS/irrups 


4 

0.07a 

2 

0.16a 

1 

0.26a 






3 

0.09a 

1 

0.21a 

1 

0.30a 









2 

0.13a 

0.29a 

1 

0.37a 






Corriec / bv Concrete 

g 





















1 ^ 


a r 



Instructions for Use. — Determine from formulas (117) or (118) and Table 67 the value of N , the 
number of stirrups for one triangle and from formulas (119) or (120) the value of a, the base dimension of 
the triangle. With these values of N and a enter the table and compute the stirrup spacing. 


Instructions for Use of Diagrams 69, 70, 71 

These diagrams give stirrup locations for either vertical or inclined stirrups (at the level of the mid- 
depth of beam), measured in terms of a from the high end of the trapezoid under the shear curve (see Fig. 7 
or 9) Enter the proper rectangle, as determined by N , the number of stirrups computed by equation (117) 
or (li8) and Table 67. Take a straight-edged slip of paper and lay it horizontally across this rectangle at the 

value of ^t- 2 determined from the trapezoid under the shear curve for which stirrups are being designed. 

Mark on the edge of the slip of paper the intersections with the two marginal lines and with each curve num- 
bered from 1 to N. Now place this slip on Diagram 72 horizontally with the value of a as indicated on the 
margin equal to a from the shear trapezoid. Read off and record the stirrup locations (as measured from 
high side of the trapezoid) at each of the marks on the slip. The differences between successive stirrup loca- 
tions give the spacing between stirrups. Additional stirrups must be provided, if necessary, to reduce the 
maximum spacing to %d for beams in which the unit shearing stresses do not exceed .06/ c or to y s d for beams 
with higher shearing stresses. (See 1928 Joint code, Section 803.) 

Note.— The process of reading Diagrams 69, 70 and 71 may be simplified by using the loose leaf copy 
of Diagram 72 (found in the pocket in the rear cover of this edition) in place of a slip of paper as noted above. 
Fold the loose leaf copy along the horizontal line representing the value of a from the shear trapezoid. Now 
place the folded edge horizontally across the proper rectangle of Diagrams 69, 70 and 71 for the number of 

stirrups required and at the proper height for the value of ^ ea( ^ the distances from the high side of 

the trapezoid to each stirrup location and from these compute the stirrup spacing. Check for additional stir- 
rups required, as noted above, by Section 803 of the Code. 
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Diagram 69. — Spacing op 1 to 7 Stirrups 

ft of / O o f x /t x 3 , x s * /■ e., / o a 

./ .2 .3 -A K A T a n 



./ .2 .3 4 5 A T A o 



/? a / / o o / x /r x 3t e / c / o a 


See instructions for use under Table 68. 


Number of Of/rrc/ps of One £nc/ 


110 Design and Cost Data for the Building Code. 


Diagram 70 . — Spacing op 8 to 14 Stirrups 

R a + r o of X/. x 3 , x s , e f c., t o & 



R o/- / o of */. *?, xj, e / c . * o a 
See instructions for use under Table 68. 


Number of >Sf/rrups of 
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Diagram 71. — Spacing of 15 to 20 Stirrups 



See instructions for use under Table 68. 
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Diagram 72. — Reading Chart for Diagrams 69, 70 and 71 



See instructions for use under Table 68. 
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Diagram 73. — Shear Values for Bars Bent Up in Single Plane 



Instructions for Use.— This diagram gives designs in accordance with formula (15) in section 803 of 
the code and excludes any design not in conformity therewith. The upper portion of this diagram is given 
for convenience in translating “rise” and “run” dimensions into slope or ratio of run to rise. 

With this ratio enter the lower diagram at the left (or right) margin and proceed horizontally to an inter- 
section with the bar size used. From this intersection drop vertically and read off the shear resistance of 
one bar on the bottom scale. Multiply this by the number of bars bent up in the single plane to obtain the 
total shear resistance. 

This diagram applies to one or more bars bent up in a single plane at any angle with the horizontal within 
the limits indicated at the right margin. The indicated shear resistance may be considered effective only 
in that portion of the beam within which the center % of the bent portion of the bar lies. The total shear 
resistance of the beam is the sum of resistance of the bent up bars as found above plus the resistance of the 
concrete by formula (114). 
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Design of Two Way Slabs Supported on Beams 

Diagram 74. — Distribution of Load between Long and Short 
Direction 



Instructions for ITsb. — The same moment coefficients are used for design strips in two-way slabs 
within the middle half of the slab in each direction as are used for beams under the same conditions of support 
and restraint. In the outer quarters, the reinforcement parallel to the supporting beam may be reduced to 
50 per cent of that in the middle half in the same direction. 

For any ratio of length to breadth this diagram gives the proportion of the total dead and live load which 
the slab must be designed to carry and which it transmits to the supporting beam. The supporting beam 
must be designed to carry in addition to its own weight and superimposed live load a uniform load throughout 
its length equal to the load per foot brought to it by the middle strips on either side. 
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Arrangement of Reinforcement in Flat Slab Floors. 



Instructions for Use of Diagrams 77, 79, 81, etc., to 91 
These diagrams are to be used for square panels, of either two-way or four-way arrangement, surrounded 
by other interior or exterior panels of the same size, shape and loading. They apply to interior panels when 
used in conjunction with Table 75 and to exterior panels with full size capitals when used in conjunction 
with Tables 75 and 76 jointly as described in the notes under Table 76. Diagrams 79, 83, 87 and 91 are 
based on the use of forms giving column capitals 0.225 1 in diameter. Diagrams 77, 81, 85 and 89 are based 
on the use of metal forms with the usual 6-in. intervals between successive sizes. 

In selecting bars to fit the areas determined from these diagrams and Tables 75 and 76 the area actually 
provided in bent bars must not be reduced as this would result in a deficiency over the column head. It is 
entirely proper to reduce the actual area in the straight bars of any strip by the amount of the excess in area 
actually provided in the bent bars of the same strip. 

These diagrams are based on a minimum of one inch of fireproofing between all bars and the slab surfaces. 


Instructions for Use of Diagrams 78, 80, 82, etc., to 92 
Enter the diagram at the top with the side dimension of the square panel and drop vertically to an inter- 
section in the upper group of curves with the proper curve for the live load used in design. Read off the 
volume of concrete by moving horizontally from this intersection to either side scale. 

In the same manner drop on the same vertical line to the middle and lower group of curves, successively, 
and read off the area of formwork and the weight of reinforcing steel on the side scales. 
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Design Coefficients for Flat Slab Floors 

Table 75. — Square Interior Panels 

Diagrams 77, 79, etc., inclusive give slab thickness, column capital diame- 
ters, dimensions of square dropped panels and values of A s for both two-way 
and four-way flat slabs, with live loads varying from 100 to 300 lb. per sq. ft. 
and with panel sides from 16 to 24 feet. To complete the design proceed as 
follows: 

The thickness of the dropped panel is always equal to one-half of the slab 
thickness from the diagram. 

For two-way flat slabs the area of bars in each strip bears the following 
relation to A s from the diagrams: 

The area of the bent bars in each middle strip is 0.89 A s . 

The area of the straight bars in each middle strip is A s . 

The area of the bent bars in each column strip is 1.56 A s . 

The area of the straight bars in each column strip is 0.78 A s . 

The area of the straight bars, which must be added in the top of the slab 
over the column head in each column strip is 0.36 A s . 

For four-way flat slabs the area of bars in each band, taken at right angles 
to the direction of the band, bears the following relation to A s from the 
diagrams : 

The area of bars in each top band, across the direct band, is A s . 

The area of the bent bars in each diagonal band is 0.67 A s . 

The area of the straight bars in each diagonal band is A s . 

The area of the bent bars in each direct band is A s . 

The area of the straight bars in each direct band is 1.22 

The shearing and compressive unit stresses and the amount of reinforce- 
ment at the column head will not require computation where these diagrams 
are used in the manner set forth above. 

The coefficients apply to interior panels surrounded by other interior or 
exterior panels approximately the same size and shape and subjected to the 
same loading. 
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Design Coefficients for Flat Slab Floors 

Table 76. — Special Requirements for Square Exterior Panels 

For two-way flat slabs the area of bars in each strip bears the following 
relation to A s from the diagrams: 

The area of bent bars for each middle strip perpendicular to the wall is 
1.11 A s . 

The area of straight bars for the same strip is 1.12 A s . 

The area of bent bars for each column strip perpendicular to the wall is 
1.95 A s . 

The area of the straight bars for the same strip is 0.98 A s . 

The area of the straight bars, which must be added in the top of the slab 
over the exterior column head is 1.18 A s . 

No additional straight bars in the column strip perpendicular to the wall 
will need to be added over the interior column head adjacent to the exterior 
panel. 

For four-way flat slabs the area of bars in each band bears the following 
relation to from the diagrams: 

The area of bars in the top band across the direct band at the wall side 
of the panel will be 0.625 A s . 

The area of the bent bars in each diagonal band will be 1.13 A s . 

The area of the straight bars in each diagonal band will be 0.75 A s . 

The area of the straight bars which must be added in the top over the 
exterior column head in each diagonal band will be 0.22 A s . 

The area of the bent bars in each direct band perpendicular to the wall 
is 1.67 A s . 

The area of the straight bars in each direct band perpendicular to the 
wall is 1.11 A s . 

Note. — The slab and dropped panel thicknesses are taken from Diagrams 
77, 79, etc., and are the same as for interior panels of the same size, shape and 
loading. 

These coefficients apply only to exterior panels surrounded on three sides 
by other exterior or interior panels of the same size and shape and subject 
to the same loading. The column capitals at the wall must be the same size 
as for interior panels, except as cut off by the building line, in order for this 
table and the accompanying diagrams 77, 79, etc., to apply. 

The steel area in strips parallel to the wall will be identical to the steel 
area found by Table 75 for the corresponding strips of an interior panel, 
except that the strip lying along the wall will have only a portion of the 
width of an interior strip and will be designed in accordance with section 1011 
of the 1928 Joint code. 

Steel areas in the strips in both directions in corner panels will be deter- 
mined solely by this table. 


hf Secf/o na / A reo of Pods in Sq, in. Slab Th tckness in inches 
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Design of Two-Way or Four-Way Flat Slab Floors 

Diagram 77. — 2000-lb. Concrete — Metal Column Forms 
Side of Square Pone/ in Feef 
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Quantities for Two-Way or Four-Way Flat Slab Floors 
Diagram 78. — 2000-lb. Concrete — Metal Column Forms 



For instructions for use see general note under Fig. 14, page 115. 
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Design of Two-Way or Four-Way Flat Slab Floors 
Diagram 79. — 2000-lb. Concrete — 0.225Z Capital 



For instructions for use see general note under Fig. 14, page 115. 


Weight of Pe/nf or cement Area oh formas Vo /ume of Concrete 

Pounds per Sq. Ft. Sq. Ft. perSgft Cu- Ft per Sg. At. 
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Quantities for Two-Way or Four-Way Flat Slab Floors 
Diagram 80. — 2000-lb. Concrete — 0.225 1 Capital 

Side of 3 p u o re Pone/ in fe e f 
!6 /7 /8 /9 20 2/ 22 23 24 



For instructions for use see general note under Fig. 14, page 115. 



~ Pigkf Secfiono / Area of /Zoo's inSq./n. S/oh Thickness in inches 
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Design of Two-Way or Four-Way Flat Slab Floors 
Diagram 81. — 2500-lb. Concrete — Metal Column Forms 
Side of Square Pone/ in P e ef 


16 /7 /Q /9 20 2/ 22 23 29 



For instructions for use see general note under Fig. 14, page 115. 
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Quantities for Two-Way or Four-Way Flat Slab Floors 
Diagram 82. — 2500-lb. Concrete — Metal Column Forms 



For instructions for use see general note under Fig. 14, page 115. 



/4$ - P/qPf Secf/ona/ /l^eo of Poo's / n Sq. /n S/06 Th/ckness in /ncfes 
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Design of Two-Way or Four- Way Flat Slab Floors 
Diagram 83. — 2500 lb. Concrete — 0.225Z Capital 
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For instructions for use see general note under Fig. 14, page 1 15. 



Weigh f of Reinforcemenf Area of forms 9 Vo/ume of Concrete 
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Quantities for Two-Way or Four-Way Flat Slab Floors 
Diagram 84. — 2500-lb. Concrete — 0.225/ Capital 


S/de of Square Pone/ in fee f 



For instructions for use see general note under Fig. 14, page 115. 



A s ~Ri ghf Secfionol Area of Bars in Sq. /n. Blab Th /cicness /h Inches 
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Design of Two-Way or Four- Way Flat Slab Floors 
Diagram 85. — 3000-lb. Concrete — Metal Column Forms 


Side of Square Rone! in Beef 
/6 /7 / 8 /9 20 2 t 22 23 24 



For instructions for use see general note under Fig. 14, page 115 
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Quantities for Two-Way or Four-Way Flat Slab Floors 
Diagram 86. — 3000-lb. Concrete — Metal Column Forms 


3/c/e of Square Pone/ /n Peef 



For instructions for use see general note under Fig. 14, page 115. 



As-kighf Secf/'ono/ Area of Aocfs /» Sq. /n S/06 Th/ckness m /ncfies 
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Design of Two-Way or Four-Way Flat Slab Floors 
Diagram 87. — 3000-lb. Concrete — 0.225Z Capital 

5 / <f-e of Square Pone / in Feef 



For instructions for use see general note under Fig. 14 , page 115 . 
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Quantities for Two-Way and Four-Way Flat Slab Floors 
Diagram 88. — 3000-lb. Concrete — 0.22 51 Capital 



For instructions for use see general note under Fig. 14 , page 115 . 



- /Z/ghf Sec+Sona/' Area of /Zoo's //> Sg. /n. 
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Design of Two-Way or Four-Way Flat Slab Floors 
Diagram 89. — 3750-lb. Concrete — Metal Column Forms 



For instructions for use see general note under Fig. 14, page 115. 
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Quantities for Two-Way or Four-Way Flat Slab Floors 
Diagram 90. — 3750-lb. Concrete — Metal Column Forms 


3/de of S qu o n e Pon e / / n fe e f 



For instructions for use see general note under Fig. 14, page 115. 


As ~ A ighf Seefiono/ Aneo of Gods in Sq. /r>. S/ob Thickness tn inches 
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Design of Two-Way or Four- Way Flat Slab Floors 
Diagram 91. — 3750 lb. Concrete — 0.225Z Capital 


S/d<p of Square Ganei in Feet 
/6 H ~ /8 20 2 / 22 23 24 



For instructions for use see general note under Fig. 14, page 115. 


Vo/urr>e 
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Quantities for Two-Way or Four-Way Flat Slab Floors 
Diagram 92— 3750-lb. Concrete— 0.225Z Capital 



For instructions for use see general note under Fig. 14, page 115. 
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Diagram 93. — Load Reduction in Long Columns 



Radius of Gyration in Terms of Core Diameter 



Instructions for Use. — This diagram is based on a reduction in load for columns in which the unsup- 
ported length exceeds eleven times the least dimension of the column section. 

The upper portion gives values of R, the radius of gyration of the transformed section, in terms of the 
core diameter of a spiral column as used in design. For a tied column the value of R may be taken without 
considerable waste as that of the concrete alone or as 0.29 times the least dimension of the rectangular column. 

The lower portion of the diagram gives the ratio of the load permitted on a long column to that permitted 
on an ordinary column by the formulas appearing in the diagram. Enter the diagram with the value of h, 
the unsupported column length divided by R the radius of gyration, move vertically to the proper sloping 
index line and then horizontally to the marginal scale and read off the allowable proportion of load. 

Composite columns are governed by the same load-reduction formula as spiral columns. 
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Diagram 94.— Design of Spiral Column— 2000-lb. Concrete 
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See instructions for use under Diagram 100. 

p 

p = .04 when j- = 1280. (See Section 1103-b of the code.) 


D/omefer of Column Core /n /nches 
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Diagram 95. — Design of Spiral Columns — 2500-lb. Concrete 
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See instructions for use under Diagram 100. 

p 

p = .04 when -j- = 1370. (See Section 1103-b of the code.) 


D/omefer of Co/umn Core in /nches 



D/omefer of Co/umn Core /n /nc/ies 
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Diagram 97. — Design of Spiral Columns — 3750-lb. Concrete 
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See instructions for use under Diagram 100. 

p 

V = .04 when — = 1630. (See Section 1103-b of the code.) 


D/omeier of Co/umn Core in inches 
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Diagram 98— Design of Spiral Columns— 5000-lb. Concrete 
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See instructions for use under Diagram 100. 

p 

V = 04 when j = 1920. (See Section 1103-b o the code.) 


D/omefer of Co/umn Core /n /nches 


140 Design and Cost Data for the Building Code. 


Diagram 99. — Selection Chart for Column Reinforcement 
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Instructions for Use. — This diagram is really two diagrams superimposed for convenience — a spiral 
selection diagram made up of the left, left-center and right scales and a vertical bar selection diagram made 
up to the left, right-center and right scales. It is to be used in connection with Diagram 100 to select vertical 
bars in round tied columns and in the design of composite columns 

This is an alignment chart, read by the aid of a straight edge, preferably the edge of a celluloid triangle 
on account of its transparency. Set the straight edge on the right hand scale to the diameter of the effective 
column section and on the left scale to the required percentage of spiral reinforcement and read off the spiral 
wire and pitch at the intersection of the straight edge with the left-cen'er scale. For the vertical bars, set the 
straight edge on the right hand scale as before and on the left hand scale to the percentage of vertical rein- 
forcement. Read off the number and size of vertical bars at the intersection of the straight edge with the 
right-center scale. 
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Diagram 100. — Design of Tied Columns 
2000-lb., 2500-lb., 3000-lb. and 3750-lb. Concrete 
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hilt thl S vpS^?Ko F0R UsE -~ T . h e area A is the full area of the column section including the fireproofing, 
t the vertical bars are required to be set 2 inches in the clear from the surface. 

SDaradnoTmreM2 i-S steel •* rmitt . ed > 8 W “• ri - The ties must be at least X in. rd. in size, 

ifocf ? l ove 5 12 lnches , on centers, and must be so arranged as to afford support to each vertical bar in at 
least two directions, as called for by Section 1104 of the code. ai 


General Instructions for Use of Diagrams 94 to 98 
nn ™*'\ a aa alignment chart > ^ad by the aid of a straight edge, preferably the edge of a celluloid triangle 
on tffief/hjfnd 8 ^ 1,1 lp S t Pa t r v! nCy ‘i Se r m®/? 8 ® 0n - th ? L right hand 8cale to the diameter of the column core and 
D?tch at ° f ™ (^ress jn lb per sq. in. of core area). Read off the spiral wire and 
& q hat f ^ e ; intersection of the straight edge with the left-cen'er scale and the number and size oi longitudinal 
bars at the intersection with the right-center scale. .4 is found from Table 105. ^ 
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Table 101. — Percentages and Weights of J^-in. Round Spirals 


pitch 


Dia. 

Inches 

3 in. 

2 % in. 

2 % in. 

2 h A in. 

2 y 2 in. 

2H in. 

2H in. 

2K in. 

2 in. 

1J4 in. 

1% in. 

1% in. 

1)4 in. 

10 1 


0.66 

0.69 

0.72 

0.75 

0.79 

0.83 

0.87 

0.92 

0.98 

1.05 

1.12 

1.21 

1.31 


1.75 

1.83 

1.91 

2.00 

2.10 

2.21 

2.33 

2.47 

2.62 

2.80 

3.00 

3.23 

3.50 

» i 


0.60 

0.62 

0.65 

0.68 

0.71 

0.75 

0.79 

0.84 

0.89 

0.95 

1.02 

1.10 

1.19 


1.92 

2.01 

2.10 

2.20 

2.31 

2.43 

2.56 

2.72 

2.88 

3.08 

3.30 

3.55 

3.85 

12 


0.55 

0.57 

0.59 

0.62 

0.65 

0.69 

0.73 

0.77 

0.82 

0.87 

0.93 

1.01 

1.09 


2.10 

2.19 

2.29 

2.40 

2.52 

2.65 

2.80 

2.96 

3.15 

3.36 

3.60 

3.88 

4.19 

13 


0.51 

0.53 

0.55 

0.58 

0.61 

0.64 

0.67 

0.71 

0.75 

0.81 

0.87 

0.93 

1.00 


2.27 

2.38 

2.48 

2.60 

2.73 

2.88 

3.03 

3.21 

3.41 

3.64 

3.90 

4.20 

4.54 

14 i 


0.47 

0.49 

0.51 

053 

0.56 

0.59 

0.63 

0.66 

0.70 

0.75 

0.80 

0.86 

0.93 


2.45 

2.56 

2.67 

2.80 

2.94 

3.10 

3.26 

3.46 

3.67 

3.92 

4.20 

4.52 

4.90 

15 | 


0.44 

0.46 

0.48 

0.50 

0.52 

0.55 

0.58 

0.62 

0.66 

0.70 

0.75 

0.81 

0.87 


2.62 

2.74 

2.87 

3.00 

3.15 

3.32 

3.50 

3.71 

3.94 

4.20 

4.50 

4.85 

5.24 

16 \ 


0.41 

0.43 

0.45 

0.47 

0.49 

0.52 

0.55 

0.58 

0.61 

0.65 

0.70 

0.76 

0.82 


2.80 

2.92 

3.05 

3.20 

3.36 

3.54 

3.73 

3.95 

4.20 

4.48 

4.80 

5.17 

5.60 

17 | 


0.38 

0.40 

0.42 

0.44 

0.46 

0.49 

0.52 

0.55 

0.58 

0.62 

0.66 

0.71 

0.77 


2.97 

3.10 

3.24 

3.40 

3.56 

3.75 

3.96 

4.19 

4.46 

4.76 

5.10 

5.49 

5.94 

18 i 


0.36 

0.38 

0.40 

0.42 

0.44 

0.46 

0.49 

0.52 

0.55 

0.58 

0.62 

0.67 

0.73 

1 

3.15 

3.29 

3.44 

3.60 

3.78 

3.98 

4.20 

4.45 

4.73 

5.05 

5.40 

5.82 

6.28 

18 1 

f 

0.34 

0.36 

0.38 

0.40 

0.42 

0.44 

0.46 

0.49 

0.52 

0.55 

0.59 

0.64 

0.69 

l 

3.32 

3.47 

3.02 

3.80 

3.98 

4.20 

4.43 

4.69 

4.98 

5.32 

5.70 

6.14 

6.64 

20 ^ 


0.33 

0.34 

0.36 

0.38 

0.40 

0.42 

0.44 

0.46 

0.49 

0.52 

0.56 

0.60 

0.65 


3.50 

3.65 

3.82 

4.00 

4.20 

4.42 

4.66 

4.93 

5.25 

5.60 

6.00 

6.46 

7.00 

21 i 


0.31 

0.32 

0.34 

0.36 

0.38 

0.40 

0.42 

0.44 

0.47 

0.50 

0.53 

0.57 

0.62 


3.67 

3.84 

4.01 

4.20 

4.40 

4.64 

4.90 

5.18 

5.51 

5.88 

6.30 

6.78 

7.34 

22 \ 


0.30 

0.31 

0.32 

0.34 

0.36 

0.38 

0.40 

0.42 

0.45 

0.48 

0.51 

0.55 

0.60 


3.85 

4.02 

4.20 

4.40 

4.62 

4.86 

5.13 

5.43 

5.77 

6.16 

6.60 

7.11 

7.70 

23 \ 


0.29 

0.30 

0.31 

0.32 

0.34 

0.36 

0.38 

0.40 

0.43 

0.46 

0.49 

0.53 

0.57 


4.02 

4.20 

4.38 

4.60 

4.83 

5.08 

5.36 

5.67 

6.03 

6.44 

6.90 

7.43 

8.05 

24 i 


0.28 

0.29 

0.30 

0.31 

0.33 

0.35 

0.37 

0.39 

0.41 

0.44 

0.47 

0.51 

0.55 

l 

4.20 

4.38 

4.57 

4.80 

5.04 

5.30 

5.60 

5.92 

6.30 

6.72 

7.20 

7.75 

8.40 

25 \ 

f 

0.26 

0.27 

0.28 

0.29 

0.31 

0.33 

0.35 

0.37 

0.39 

0.42 

0.45 

0.48 

0.52 

l 

4.37 

4.57 

4.78 

5.00 

5.25 

5.53 

5.83 

6.17 

6.56 

7.00 

7.50 

8.07 

8.75 

26 \ 

I 

0.25 

0.26 

0.27 

0.28 

0.30 

0.32 

0.34 

0.36 

0.38 

0.40 

0.43 

0.46 

0.50 


4.55 

4.75 

4.96 

5.20 

5.46 

5.75 

6.06 

6.42 

6.82 

7.28 

7.80 

8.39 

9.10 

27 < 


0.24 

0.25 

0.26 

0.27 

0.29 

0.30 

0.32 

0.34 

0.36 

0.38 

0.41 

0.44 

0.48 


4.72 

4.94 

5.15 

5.40 

5.68 

5.96 

6.30 

6.66 

7.08 

7.56 

8.10 

8.72 

9.45 

28 < 


0.23 

0.24 

0.25. 

0.26 

0.27 

0.29 

0.31 

0.33 

0.35 

0.37 

0.40 

0.43 

0.47 


4.90 

5.11 

5.34 

5.60 

5.88 

6.19 

6.53 

6.91 

7.34 

7.84 

8.40 

9.04 

9.80 

29 , 


0.23 

0.24 

0.25 

0.26 

0.27 

0.28 

0.30 

0.32 

0.34 

0.36 

0.39 

0.42 

0.45 

l 

5.07 

5.30 

5.53 

5.80 

6.09 

6.41 

6.77 

7.16 

7.60 

8.12 

8.70 

9.36 

10.15 


Instructions for Use of Tables 101 to 104. — The figures in light face type represent the percentage of 
spiral reinforcement afforded by a spiral wire of the size heading the table at the pitch shown at the top of 
each column when placed about a core of the diameter (in inches) appearing at the left. The figures in heavy 
face type represent the weight per foot of column of the percentage of spiral directly above. This weight 
includes only the wire. Allowance must be made for the extra wire to finish a spiral unit securely at its ends 
and for the weight of the three or more spacers. Each J-s-in. channel spacer adds % pound per foot of spiral. 
Different manufacturers use different spacers and the weight of this item will vary accordingly. 
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Table 102 .— Percentages and Weights of %-in. Round Spirals 



See instructions for use under Table 101. 
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Table 103. — Percentages and Weights of H- in . Round Spirals 


Dia. 


Inches 

3 in. 

2 % in. 

2 % in. 

2 % in. 

2H in. 

2 H in- 

2 H in. 

2 V S in. 

2 in. 

m in. 

1 H in. 

1 % in. 

1H in. 

15 { 

1.75 

1.82 

1.90 

1.99 

2.09 

2.21 








10.5 

11.0 

11.4 

12.0 

12.6 

13.2 








» 

1.63 

1.70 

1.78 

1.87 

1.96 

2.07 








11.2 

11.7 

12.2 

12.8 

13.4 

14.1 








17 

1.54 

1.61 

1.68 

1.76 

1.85 

1.95 

2.05 







11.9 

12.4 

13. C 

13.6 

14.3 

15.0 

15.9 







18 { 

1.45 

1.52 

1.59 

1.66 

1.75 

1.84 

1.94 

206 






12.6 

13.1 

13.7 

14.4 

15.1 

15.9 

16.8 

17.8 






» I 

1.38 

1.44 

1.50 

1.57 

1.65 

1.74 

1.84 

1.95 

2.07 





13.3 

13.9 

14.5 

15.2 

16.0 

16.8 

17.7 

18.8 

20.0 





20 | 

1.30 

1.36 

1.43 

1.50 

1.57 

1.65 

1.74 

1.84 

1.96 

2.09 




14.0 

14.6 

15.3 

16.0 

16.8 

17.7 

18.6 

19.8 

21.0 

22.4 




21 | 

1.25 

1.30 

1.36 

1.43 

1.50 

1.57 

1.66 

1.76 

1.87 

2.00 




14.7 

15.3 

16.0 

16.8 

17.6 

18.5 

19.6 

20.8 

22.0 

23.5 




22 | 

1.19 

1.24 

1.30 

1.36 

1.43 

1.50 

1.59 

1.68 

1.79 

1.90 

2.04 



15.4 

16.1 

16.8 

17.6 

18.5 

19.4 

20.5 

21.7 

23.1 

24.6 

26.4 



23 j 

1.14 

1.19 

1.24 

1.30 

1.37 

1.44 

1.52 

1.60 

1.71 

1.82 

1.95 

2.10 


16.1 

16.8 

17.6 

18.4 

19.3 

20.3 

21.4 

22.7 

24.1 

25.8 

27.6 

29.7 


24 | 

1.09 

1.14 

1.19 

1.25 

1.31 

1.38 

1.45 

1.54 

1.64 

1.75 

1.87 

2.02 


16.8 

17.5 

18.3 

19.2 

20.2 

21.2 

22.4 

23.7 

25.2 

26.9 

28.8 

31.0 


25 { 

1.05 

1.09 

1.14 

1.20 

1.26 

1.32 

1.40 

1.48 

1.57 

1.67 

1.80 

1.94 

2.10 

17.5 

18.3 

19.1 

20.0 

21.0 

22.1 

23.3 

24.7 

26.2 

28.0 

30.0 

32.3 

35.0 

26 j 

1.01 

1.05 

1.10 

1.15 

1.21 

1.27 

1.34 

1.42 

1.51 

1.60 

1.73 

1.S6 

2.01 

18.2 

19.0 

19.9 

20.8 

21.8 

23.0 

24.3 

25.7 

27.2 

29.1 

31.2 

33.6 

36.4 

27 j 

0.97 

1.01 

1.06 

1.11 

1.16 

1.22 

1.29 

1.37 

1.45 

1.55 

1.66 

1.78 

1.94 

18.9 

19.7 

20.6 

21.6 

22.7 

23.9 

25.2 

26.7 

28.3 

30.2 

32.4 

34.9 

37.8 

28 | 

0.93 

0.97 

1.02 

1.07 

1.12 

1.18 

1.25 

1.32 

1.40 

1.49 

1.60 

1.72 

1.87 

19.6 

20.4 

21.4 

22.4 

23.5 

24.7 

26.1 

27.7 

29.4 

31.3 

33.6 

36.2 

39.2 

29 | 

0.90 

0.94 

0.98 

1.03 

1.08 

1.14 

1.20 

1.27 

1.35 

1.44 

1.54 

1.66 

1.80 

20.3 

21.2 

22.2 

23.2 

24.4 

25.6 

27.1 

28.7 

30.4 

32.5 

34.8 

37.5 

40.6 

30 { 

0.87 

0.91 

0.95 

1.00 

1.05 

1.10 

1.16 

1.23 

1.31 

1.40 

1.50 

1.61 

1.74 

21.0 

21.9 

22.9 

24.0 

25.2 

26.5 

28.0 

29.6 

31.5 

33.6 

36.0 

38.8 

42.0 

3 . ! 

0.84 

0.88 

0.92 

0.96 

1.01 

1.07 

1.13 

1.19 

1.27 

1.35 

1.45 

1.56 

1.68 

21.7 

22.6 

23.6 

24.8 

26.0 

27.4 

28.9 

30.6 

32.5 

34.7 

37.2 

40.0 

43.3 

32 { 

0.82 

0.85 

0.89 

0.93 

0.98 

1.03 

1.09 

1.16 

1.23 

1.31 

1.41 

1.51 

1.64 

22.4 

23.4 

24.4 

25.6 

26.8 

28.3 

29.8 

31.6 

33.6 

35.8 

38.4 

41.3 

44.7 

33 | 

0.79 

0.83 

0.87 

0.91 

0.95 

1.00 

1.06 

1.12 

1.19 

1.27 

1.36 

1.46 

1.59 

23.1 

24.1 

25.2 

26.4 

27.7 

29.2 

30.8 

32.6 

34.6 

36.9 

39.6 

42.6 

46.1 

34 | 

0.77 

0.80 

0.84 

0.88 

0.92 

0.97 

1.03 

1.09 

1.16 

1.24 

1.32 

1.42 

1.54 

23.8 

24.8 

25.9 

27.2 

28.5 

30.0 

31.7 

33.5 

35.6 

38.0 

40.3 

43.9 

47.6 

35 { 

0.75 

0.78 

0.81 

0.85 

0.90 

0.95 

1.00 

1.05 

1.12 

1.19 

1.28 

1.38 

1.50 

24.5 

25.6 

26.7 

28.0 

29.4 

30.9 

32.6 

34.5 

36.7 

39.2 

42.0 

45.2 

48.9 

36 | 

0 73 

0.76 

0.79 

0.83 

0.87 

0.92 

0.97 

1.02 

1.09 

1.16 

1.25 

1.35 

1.45 

25.2 

26.3 

27.5 

28.8 

30.2 

31.8 

33.6 

35.5 

37.8 

40.3 

43.2 

46.5 

50.4 

37 i 

0.71 

0.74 

0.77 

0.81 

0.85 

0.89 

0.94 

1 00 

1.06 

1.13 

1.21 

1.30 

1.41 

25.9 

27.0 

28.2 

29.6 

31.1 

32.7 

34.5 

36.5 

38.8 

41.4 

44.4 

47.8 

51.8 

38 | 

0.69 

0.72 

0.75 

0.79 

0.83 

0.87 

0.92 

0.97 

1.03 

1.10 

1.18 

1.27 

1.38 

28.6 

27.8 

29.1 

30.4 

31.9 

33.6 

35.5 

37.5 

39.9 

42.5 

45.6 

49.1 

53.2 

39 j 

0.67 

0 70 

0.73 

0 77 

0.81 

0.85 

0.90 

0.95 

1.01 

1.07 

1.15 

1.24 

1.34 

27.3 

23.5 

29.7 

31.2 

32.8 

34.5 

36.4 

38.5 

40.9 

43.6 

46.8 

50.4 

54.6 


See instructions for use under Table 101. 
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Table 104. — Percentages and Weights of J^-in. Round Spirals 


Core 


PITCH 


iJia. 

Inches 

3 in. 

2% in. 

2% in. 

2 % in. 

2 X A in. 

2% in. 

2H in. 

2 y 8 in. 

2 in. 

in. 

1 M in. 

1% in. 

VA in. 

SO / 

1.36 

1.42 

1.49 

1.56 

1.64 

1.72 

1.82 

1.93 

2.05 






32.8 

34.3 

35.8 

37.5 

39.4 

41.5 

43.8 

46.4 

49.3 





SI j 

1.32 

1.38 

1.44 

1.51 

1.59 

1.67 

1.76 

1.87 

1.98 






33.9 

35.4 

37.0 

38.8 

40.8 

42.9 

45.3 

47.9 

50.9 





32 j 

1.28 

1.33 

1.39 

1.46 

1.54 

1.62 

1.71 

1.81 

1.92 

2.04 





35.1 

36.5 

38.2 

40.1 

42.2 

44.3 

46.7 

49.5 

52.6 

56.1 




33 j 

1.24 

1.30 

1.35 

1.42 

1.49 

1.57 

1.66 

1.75 

1.86 

1.99 





36.1 

37.7 

39.4 

41.3 

43.3 

45.6 

48.2 

51.1 

54.2 

57.8 




34 j 

1.21 

1.26 

1.32 

1.38 

1.45 

1.52 

1.61 

1.70 

1.81 

1.93 





37.3 

38.8 

40.6 

42.6 

44.7 

47.1 

49.7 

52.6 

55.9 

59.6 




35 . / 

1.17 

1.22 

1.28 

1.34 

1.41 

1.48 

1.56 

1.65 

1.76 

1.87 

2.01 




38.3 

40.0 

41.8 

43.8 

46.1 

48.4 

51.2 

54.2 

57.5 

61.3 

65.7 



36 j 

1.14 

1.19 

1.24 

1.30 

1.37 

1.44 

1.52 

1.61 

1.71 

1.82 

1.95 




39.4 

41.2 

42.9 

45.0 

47.4 

49.8 

52.6 

55.7 

59.2 

63 1 

67.6 



37 j 

1.11 

1.16 

1.21 

1.27 

1.33 

1.40 

1.48 

1.56 

1.66 

1.77 

1.90 

2.04 



40.5 

42.3 

44.2 

46.3 

48.6 

51.2 

54.1 

57.2 

60.8 

64.8 

69.5 

74.8 


38 j 

1.08 

1.13 

1.18 

1.23 

1.29 

1.36 

1.44 

1.52 

1.62 

1.73 

1.85 

1.99 



41.6 

43.4 

45.3 

47.6 

49.9 

52.6 

55.5 

58.8 

62.4 

66.7 

71.3 

76.8 


39 / 

1.05 

1.10 

1.15 

1.20 

1.26 

1.33 

1.40 

1.48 

1.58 

1.68 

1.80 

1.94 


l 

42.7 

44.6 

46.6 

48.8 

51.2 

53.9 

56.9 

60.3 

64.1 

68.3 

73.2 

78.8 


40 / 

1.02 

1.07 

1.12 

1.17 

1.23 

1.29 

1.36 

1.45 

1.54 

1.64 

1.76 

1.89 

2.05 


43.8 

45.7 

47.8 

50.1 

52.6 

55.3 

58.4 

61.9 

65.8 

70.1 

75.2 

80.8 

87.6 

41 | 

1.00 

1.04 

1.09 

1.14 

1.20 

1.26 

1.33 

1.41 

1.50 

1.60 

1.71 

1.85 

2.00 


44.9 

46.8 

48.9 

51.3 

53.8 

56.7 

59.9 

63.3 

67.4 

71.8 

76.9 

83.8 

89.8 

42 j 

0.98 

1.02 

1.06 

1.12 

1.17 

1.23 

1.30 

1 38 

1.46 

1.56 

1.67 

1.80 

1.95 


46.0 

47.9 

49.9 

52.6 

55.2 

58.1 

61.3 

65.0 

69.1 

73.6 

78.8 

84.8 

92.0 

43 . j 

0.95 

1 00 

1.04 

1.09 

1.14 

1.20 

1.27 

1.35 

1.43 

1.53 

1.63 

1.76 

1.91 


47.0 

49.2 

51.3 

53.8 

56.5 

59.4 

62.8 

66.5 

70.7 

75.3 

80.7 

86.9 

94.2 

44. . .. j 

0.93 

0.98 

1.02 

1.07 

1.12 

1.18 

1.24 

1.32 

1.40 

1.49 

1.60 

1.72 

1.87 


48.2 

50.3 

52.5 

55.1 

57.8 

60.9 

64.2 

68.2 

72.3 

77.1 

82.6 

88.9 

96.5 

45 { 

0.91 

0.95 

0.99 

1.04 

1.09 

1.15 

1.21 

1.29 

1.37 

1.46 

1.56 

1.68 

1.82 


49.2 

51.4 

53.7 

56.3 

59.1 

62.2 

65.7 

69.6 

74.0 

78.9 

84.5 

90.9 

98.6 

46 j 

0.89 

0.93 

0.97 

1.02 

1.07 

1.13 

1.19 

1.26 

1.34 

1.43 

1.53 

1.65 

1.78 


50.3 

52.6 

54.8 

57.6 

60.4 

63.7 

67.2 

71.2 

75.7 

80.7 

86.4 

93.0 

100.7 

47. . . j 

0.87 

0.91 

0.95 

1.00 

1.05 

1.10 

1.16 

1.23 

1.31 

1.40 

1.50 

1.61 

1.74 


51.4 

53.7 

56.1 

58.8 

61.8 

65.0 

68.7 

72.7 

77.3 

82.4 

88.3 

95.0 

102.8 

48.. . j 

0.85 

0.89 

0.93 

0.98 

1.02 

1.08 

1.14 

1.20 

1.28 

1.36 

1.46 

1.57 

1.71 


52.6 

54.8 

57.3 

69.1 

63.1 

66.4 

70.1 

74.2 

78.9 

84.1 

90.1 

97.0 

105.1 

49 / 

0.84 

0.87 

0.91 

0.96 

1.00 

1.06 

1.12 

1.18 

1.25 

1.34 

1.44 

1.54 

1.68 


j 53.7 

55.9 

58.4 

61.3 

64.4 

67.8 

71.6 

75.7 

80.6 

85.9 

92.0 

99.1 

107.3 


See instructions for use under Table 101. 


For spirals of heavier wire or larger diameter than are included in Tables 101 to 104, the percentage may 
computed approximately by the formula: 

, _ 4o£ 

V ( d ) (pitch) 

in which p ' = percentage of area of circle of diameter, d. 
as = cross sectional area of spiral rod. 

d = diameter of spiral (generally listed as overall or outside diameter), 
pitch = distance between centers ot successive turns measured parallel to axis of spiral. 
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Table 105. — Perimeters, Volumes and Core Areas for Round Columns 


Diameter 


Column, in. 

Core, in. 

14 ( 

10 

11 

16 l 

12 

13 

18 l 

14 

15 

20 | 

16 

17 

22 { 

18 

19 

24 l 

20 

21 

26 | 

22 

23 

28 | 

24 

25 

30 I 

26 

27 

32 | 

28 

29 

34 l 

30 

31 

36 | 

32 

33 

38 | 

34 

35 

40 | 

36 

37 



Rd. Column 
Perimeter 

Volume, cu. ft. per ft. 

sq. in. 

Ft. In. 

Round 

Octagonal 

Square 

78.5 

95.0 

| 3 8 

1.07 

1.13 

1.36 

113.1 

132.7 

1 4 2 

1.40 

1.47 

1.78 

153.9 

176.7 

} 4 9 

1.77 

1.86 

2.25 

201 0 
227.0 

} 5 3 

2.18 

2.30 

2.78 

254.5 

283.5 

} 5 9 

2.64 

2.78 

3.36 

314.2 

346.4 

J 6 3 

3.14 

3.31 

4.00 

380.1 

415.4 

} 6 10 

3.69 

3.89 

4.69 

452.4 

490.9 

} 7 4 

4.28 

4.51 

5.44 

530.9 

572.6 

} 7 10 

4.91 

5.18 

6.25 

615.8 

660.5 

| 8 5 

5.58 

5.89 

7.12 

706.9 

754.8 

} 8 11 

6.30 

6.55 

8.02 

804.2 

855.3 

} 9 5 

7.07 

7.46 

9.00 

907.9 

962.1 

| 10 0 

7.88 

8.31 

10.03 

1,017.9 

1,075.2 

J 10 6 

8.73 

9.21 

11.11 


Table 106. — Volumes of Flat Slab Column Shafts and Capitals 


Round Columns 

Square Columns 

Diam- 

eter 

of 

Col- 

umn 

Shaft 

Vol- 

ume 

of 

Col- 

umn 

Shaft 

Diameter of Column Capital 

Side 

of 

Col- 

umn 

Shaft 

Vol- 

ume 

of 

Col- 

umn 

Shaft 

Side of Column Capital 

3 ft. 
6 in. 

4 ft. 
Oin. 

4 ft. 
6 in. 

5 ft. 
Oin. 

5 ft. 

6 in. 

6 ft. 
Oin. 

3 ft. 
6 in. 

4 ft. 
0 in. 

4 ft. 
6 in. 

5 ft. 
Oin. 

5 ft. 

6 in. 

6 ft. 
Oin. 

14 

1.07 

5.23 






14 

1.36 

6.65 






16 

1.40 

4.81 

7.61 





16 

1.78 

6.13 

' 9.67 





18 

1.77 

4.38 

7.07 

i6.58 




18 

2.25 

5.59 

9.01 

13.49 




20 

2.18 

3.93 

6.52 

9.94 

14.30 



20 

2.78 

5.01 

8.30 

12.66 

18.21 



22 

2.64 

3.48 

5.95 

9.25 

13.48 

18.75 


22 

3.36 

4.43 

7.57 

11.79 

17.18 

23.90 


24 

3.14 

3.02 

5.36 

8.54 

12.66 

17.80 

24.08 

24 

4.00 

3.85 

6.83 

10.88 

16.12 

22.68 

30.67 

26 

3.69 

2.55 

4.78 

7.83 

11.80 

16.82 

22.96 

26 

4.69 

3.26 

6.09 

9.96 

15.03 

21.41 

29.23 

28 

4.28 

2.13 

4.18 

7.08 

10.91 

15.78 

21.76 

28 

5.44 

2.71 

5.33 

9.03 

13.90 

20.09 

27.71 

30 

4.91 

1.70 

3.60 

6.34 

10.00 

14.72 

20.54 

30 

6.25 

2.16 

4.59 

8.08 

12.75 

18.75 

26.17 

32 

5.58 


3.04 

5.60 

9.12 

13.66 

19.31 

32 

7 11 


3.87 

7.14 

11.61 

17.40 

24.60 

34 

6.30 


2.48 

4.89 

8.21 

12.58 

18.05 

34 

8.03 


3.18 

6.23 

10.46 

16.01 

23.00 

36 

7.07 


2.01 

4.20 

7.32 

11.50 

16.78 

36 

9.00 


2.51 

5.35 

9.32 

14.66 

21.38 

38 

7.88 



353 

6.44 

10.40 

15.51 

38 

10.02 



4.50 

8.20 

13.27 

19.76 

40 

8.73 



2.88 

5.60 

9.36 

14.24 

40 

11.11 



3.67 

7.13 

11.91 

18.13 

42 

9.62 



2.26 

4.78 

8.31 

12.96 

42 

12.25 



2.90 

6.09 

10.59 

16.51 

44 

10.56 




4.00 

7.29 

11.71 

44 

13.44 




5.09 

9.29 

14.92 

46 

11.54 




3.24 

6.31 

10.48 

i 46 

14.69 




4.14 

8.04 

13.35 

48 

12.57 




2.55 

5.36 

9.29 

i 48 

16.00 

i .... 



3.25 

6.84 

11.82 


See note under Table 107, next page. 
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Table 107. — Areas and Perimeters of Round Sections 


Diameter 

Area 

Perimeter 

Diameter 

Area 

Perimeter 

Ft. In. 

In. 

Sq. In. 

Sq. Ft. 

Ft. 

Ft. In. 

In. 

Sq. In. 

Sq. Ft. 

Ft. 

1-1 

13 

132.7 

0.92 

3 40 

4-7 

55 

2,376 

16.50 

14.40 

1-2 

14 

153 9 

1.07 

3 66 

4-8 

56 

2,463 

17 10 

14.66 

1-3 

15 

176.7 

1 23 

3 93 

4-9 

57 

2,552 

17 72 

14.92 

1-4 

16 

201.1 

1 40 

4 18 

4-10 

58 

2,642 

18 35 

15.18 

1-5 

17 

227.0 

1.58 

4.45 

4-11 

59 

2,734 

18 99 

15.45 

1-6 

18 

254 5 

1.77 

4 71 

5-0 

60 

2,827 

19.63 

15.71 

1-7 

19 

283.5 

1.97 

4.97 

5-1 

61 

2,922 

20 29 

15 97 

1-8 

20 

314.2 

2 18 

5.23 

5-2 

62 

3,019 

20.97 

16 23 

1-9 

21 

346 4 

2 41 

5.50 

5-3 

63 

3,117 

21 65 

16 49 

1-10 

22 

380.1 

2 64 

5 76 

5-4 

64 

3,217 

22 34 

16.76 

1“1 1 

23 

415.5 

2 89 

6 02 

5-5 

65 

3,318 

23 04 

17.02 

2-0 

24 

452 4 

3 14 

6 28 

5-«6 

66 

3,421 

23 76 

17.28 

2-1 

25 

490.9 

3.41 

6.55 

5-7 

67 

3,526 

24 48 

17 54 

2-2 

26 

530 9 

3 69 

6 81 

5-8 

68 

3,632 

25.22 

17.80 

2-3 

27 

572 6 

3.98 

7.07 

5-9 

69 

3,739 

25.97 

18.06 

2-4 

28 

615.8 

4.28 

7 33 

5-10 

70 

3,848 

26 72 

18.32 

2-5 

29 

660.5 

4.59 

7.58 

5-11 

71 

3,959 

27.49 

18.58 

2-6 

30 

706.9 

4 91 

7.86 

6-0 

72 

4,072 

28.27 

18.85 

2-7 

31 

754.8 

5.24 

8 12 

6-1 

73 

4,185 

29 06 

19.11 

2-8 

32 

804.2 

5.58 

8 38 

6-2 

74 

4,301 

29.87 

19.37 

2-9 

33 

855.3 

6 94 

8.64 

6-3 

75 

4,418 

30 68 

19.63 

2-10 

34 

907 9 

6.30 

8.89 

6-4 

76 

4,536 

31.50 

19.90 

2-11 

35 

962.1 

6.68 

9 16 

6-5 

77 

4,657 

32.34 

20 16 

3-0 

36 

1,017.9 

7.07 

9 .42 | 

6-6 

78 

4,778 

33.18 

20.42 

3-1 

37 

1,075.2 

7.47 

9.68 

6-7 

79 

4,902 

34.04 

20.68 

3-2 

38 

1,134.1 

7.88 

9 95 

6-8 

80 

5,027 

34 91 

20.94 

3-3 

39 

1,194.6 

8.30 

10 21 

6-9 

81 

5,153 

35.78 

21 21 

3-4 

40 

1,256 6 

8.73 

10.47 

6-10 

82 

5,281 

36.67 

21.47 

3-5 

41 

1,320.3 

9.17 

10 72 

6-11 

83 

5,411 

37 58 

21.73 

3-6 

42 

1,385.4 

9.62 

10.99 

7-0 

84 

5,542 

38.48 

21 99 

3-7 

43 

1,452.2 

10 08 

11.26 

7-1 

85 

5,674 

39 40 

22 25 

3-8 

44 

1,520.5 

10 56 

11.52 i 

7-2 

86 

5,809 

40 34 

22.51 

3-9 

45 

1,590.4 

11.04. 

11.79 

7-3 

87 

5,945 

41 28 

22.78 

3-10 

46 

1,661.9 

11 54 

12.04 

7-4 

88 

6,082 

42.24 

23.04 

3-11 

47 

1,734 9 

12.05 

12.31 

7-5 

89 

6,221 

43 20 

23.30 

4-0 

48 

1,809.6 

12.57 

12.57 

7-6 

90 

6,362 

44 18 

23.56 

4-1 

49 

1,885.7 

13.10 

12.83 

7 7 

91 

6,504 

45.17 

23 82 

4-2 

50 

1,963 5 

13.64 

13.10 

7-8 

92 

6,648 

46.16 

24.09 

4-3 

51 

2,042.8 

14 19 

13 35 

7-9 

93 

8,793 

47 17 

24 35 

4-4 

52 

2,123.7 

14 75 

13.61 

7-10 

94 

6,940 

48 19 

24.61 

4-5 

53 

2,206 . 2 

15 32 

13.88 

7-11 

95 

7,088 

49.22 

24 87 

4-6 

54 

2,290.2 

15.90 

14.14 

8-0 

96 

7,238 

50.27 

25.13 


Instructions for Use of Table 106. For octagonal columns and capitals add 5H per cent to values 
given tor round columns and capitals. Volume of concrete in column shafts is given in cubic feet per foot of 
height, hor column capitals it is given in cubio feet and includes only the concrete in the capital outside 
the surface of the column enclosed in the capital. 
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Proportions Adopted for Design Diagrams for 


Square Footings. 


4 - 





FIG. 16. — FLAT-TOP FOOTINGS. FIG. 17. — SLOPED-TOP FOOTINGS. 


Instructions for Use of Diagram 108 

This diagram applies only to footings of the standardized proportions shown in Figs. 16 and 17. If the 
footing bars are straight and extend to within 2 inches of the edges of the footing the value of vc is 0.02 /'c. 
If the footing bars are provided with special anchorage the total length of the hooked bar being the overall 
width of the footing plus 20 bar diameters, the value of vc may be taken as 0.03 f'c. The value of w is the 
load at the top of the footing divided by the area of the base of the footing, d, is the effective depth of footing 
to the reinforcing steel and b the side of the square base of the footing. 


Instructions for Use of Diagram 109 

This diagram is based on special anchorage of footing bars where higher shearing stresses (0.03 f'c ) are 
used in the design. It applies only to square footings, either sloped or flat topped, of the standardized pro- 
portions shown in Figs. 16 and 17. The length of footing bars must be equal to the overall width of the base 
of the footing plus twenty bar diameters. 

To determine the maximum bar size enter the diagram with the side of the footing, and proceed vertically 
to the sloping index line marked with the strength of the concrete (2000 to 3750-lb.) and the kind of bar (plain 
or deformed) to be used. From this intersection pass horizontally to the marginal scales and use a bar not 
larger than the size at or next below this point on the scale. 


Instructions for Use of Diagrams 113, 115, 117, etc., to 143 
Enter the diagram at the top with the load to be applied at the top of the footing. For small piers this 
will be the same as the basement story column load. Proceed vertically to an intersection with that one of 
the upper index lines marked with the strength of the concrete to be used in the design and read off the volume 
of concrete required for one footing (without pier). Proceed vertically to an intersection with the middle 
group of index lines and here read off the square feet of formwork required for one footing (exclusive of the 
pier forms). No forms are included for sloping tops of footings, as the concrete for such footings should be 
made stiff enough to place without top forms. < Continue vertically to an intersection with the lower group 
of index lines and read off the weight of reinforcing steel required for one footing. No column dowel bars are 
Included and no stirrups or other web reinforcement are necessary. Every bar is bent with a hook at each end. 


Design and Cost Data for the Building Code. 149 


Diagram 108. — Effective Depth of Footings 



Diagram 109. — Maximum Bar Size in Footings 



See instructions for use under Fig. 16, page 148. 
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Diagram 110. — Transfer of Column Load to Top of Pier 



Va/ues of by For mu/ o ("2SJ of Join/ Coc/e 
for P/o/n Concrete 



/ n ere o s e /n Value of % w/ff t i otero / 
Pe/n for cement 


Instructions for Use— I n this diagram 

A is the area of the top of pier or footing. 

A' is the loaded area of the top of pier or footing that is the area of the column section used in design. 

ra is the permissible unit load on the loaded area. 

When using the increased value of ra (on account of spiral reinforcement in the pier) as given in the 
lower part of the diagram, the value of A must be taken as the area of the top of the pier within the outside 
diameter of the spiral and this value of A must be used in both the upper and lower portions of the diagram and 
the two values of ra added, to get the total permissible unit load where a spiral is used. See instructions 
under Table 104 for definition of symbols used in formula for p'. 

The column vertical bars, or an equal steel area in the form of dowels, must extend at least 24 bar diame- 
ters for deformed bars or 30 bar diameters for plain bars above and below the base of column. 
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Diagram 111. — Total Thickness of Footings when v c = 0.03 f' c 



Instructions for Use— This diagram gives an approximate indication of the thickness of footing 
required when the footing bars are anchored as described under Fig. 16. Flat-top footings are based on 
the standardized proportions shown in Fig. 1 6 and sloped-top footings on those of Fig. 1 7. For soil pressures 
less than 6000-lb. per sq. ft. the total thickness of footings will be slightly less than the values taken from 


Instructions for Use of Diagrams 112, 114, 116, etc ,to 142. 

Enter this diagram at the top with the load applied at the top of the footing. For small piers this will 
be the same as the basement column load. Proceed vertically to an intersection with that one of the upper 
index lines marked with the strength of concrete to be used in the design and read off the dimension in feet 
ot the side of the square base of the footing. Continue vertically to an intersection with the middle group of 
index lines and here read off the total thickness of the footing in inches. Continue vertically to an inter- 
section with the lower group of index lines and read off the area in sq. in. of the bars required in each of two 
directions. Lse Diagram 109 to determine maximum size of footing bar. 


Side of Square foof/hg in Teef 
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Design of Sloped-Top Footings with v c — 0.03 f c 
Diagram 112. — 3000-lb. Soil — 2000-lb. and 3000-lb. Concrete 

Load of 7op of Too f/'ng in Thousands of Pounc/s 



See instructions for use under Diagram 111, page 151. 


Sfee/ Area - Sq./n.'~ //? £ be/) of Two D/recf/ons 


dyTf. of farm yvorA: per TooT/ng 
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Quantities for Sloped-Top Footings with v c = 0.03 f' c 
Diagram 113. 3000-lb. Soil — 2000-lb. and 3000-lb. Concrete 

load of Top of Too f/ng /n Thousands of Pounds 



See instructions for use under Fig. 16, page 148. 


We/ghf of Pe/n force no enf ~/f>. per Toof/hg 
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Design of Sloped-Top Footings with v c = 0.03 f' e 
Diagram 114. — 4000-lb. Soil — 2000-lb. and 3000-lb. Concrete 



See instructions for use under Diagram 111, page 151. 


Sfee/ Ar^ a -Sy. /n. ~ /n foe/) of Two D/rcchons 


S<f. ff of form work per f oof /'op 
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Quantities for Sloped-Top Footings with v c = 0.03/' c 
Diagram 115.— 4000-lb. Soil— 2000-lb. and 3000-lb. Concrete 



See instructions for use under Fig. 16, page 148. 


Wf.of fe/o forceso er>f per foof/og. 
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Design of Sloped-Top Footings with v c = 0.03 f' e 
Diagram 116.— 5000-lb. Soil — 2000-lb. and 3000-lb. Concrete 



See instructions for use under Diagram 111, page 151. 


fe e/ /4/~eo ~ So. /n. ~~ in Each of Two Direcf ions 


Sy.ft of Formwork per Footing 
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Quantities for Sloped-Top Footings with v c = 0.03/' c 
Diagram 117. — 5000-lb. Soil — 2000-lb. and 3000-lb. Concrete 


JLoacf at- Top of Footing in Thousonds of Poona's 



See instructions for use under Fig. 16, page 148. 


Weight of .Reinforcement -Lb.per Foot/i. 


s Side of Square Foof/ng /n Feef 
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Design of Sloped-Top Footings with v c = 0.03 f' e 
Diagram 118.— 6000-lb. Soil — 2000-lb. and 3000-lb. Concrete 



See instructions for use under Diagram 111, page 151. 


Sfee/ Freer- Sq. /n. - in Foe/? of Two D/recf/ons 
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Quantities for Sloped-Top Footings with v c = 0.03/' c 
Diagram 119. — 6000-lb. Soil — 2000-lb. and 3000-lb. Concrete 
Loo c/ of Top of Too f/ op /n Tfoosonc/s of To on c/s 



See instructions for use under Fig. 16, page 148. 


Wf of Te/n force men f ”16. pen Toof/nq 


S/o'e of Square foof/ng //? feef 
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Design of Sloped-Top Footings with v c = 0.03/' c 
Diagram 120. — 3000-lb. Soil — 2500-lb. and 3750-lb. Concrete 



See instructions for use under Diagram 111, page 151. 


Steel Area ~Sq. /n. ~/n £ocf> of 7Wo O/recforxs. 


3q. Ft. of Formwork per Foof/ng 
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Quantities for Sloped-Top Footings with v c = 0.03/' c 
Diagram 121. — 3000-lb. Soil — 2500-lb. and 3750-lb. Concrete 



See instructions for use under Fig. 16, page 148. 


Weigh f of Re/nforcemenf- lb per Foof/ng 


Side of Sg 
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Design of Sloped-Top Footings with v c — 0.03 f' c 
Diagram 122. — 1000-lb. Soil — 2500-lb. and 3750-lb. Concrete 


Load of Top of foof/ng in Thousands of Pounds 



See instructions for use under Diagram 111, page 151. 


Sfee//1reo-Sq./n. - in foch of Two D/recfrons 


3 <f. Ft of Form wo/~A; per Foof/ng 
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Quantities for Sloped-Top Footings with v c = 0.03 f' c 
Diagram 123. — 4000-lb. Soil — 2500-lb. and 3750-lb. Concrete 



See instructions for use under Fig. 16, page 148. 


Wt of Re/nforcerr?enf ~Lb. per' Footrnp 


S/Je ofSquore-Foof/hg/n Fee/" 
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Design of Sloped-Top Footings with v c = 0.03/'<. 
Diagram 124. — 5000-lb. Soil — 2500-lb. and 3750-lb. Concrete 



See instructions for use under Diagram 111, page 151. 


Stee/ Area ~Sq. /r>. ~/n Foe/) of Two D/nschons. 


>5 g. Ft. of Formwork per Footing 
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Quantities for Sloped-Top Footings with v c = 0.03 f' c 
Diagram 125. — 5000-lb. Soil — 2500-lb. and 3750-lb. Concrete 

Loo d of Top of Footing in Thousands of Pounds 



See instructions for use under Fig. 16, page 148. 


Wt. of Rein forcem ent t> per footing 


S/c/e of Square foofr'ng /n feef 
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Design of Sloped-Top Footings with v c = 0.03/' c 
Diagram 126. — 6000-lb. Soil — 2500-lb. and 3750-lb. Concrete 



See instructions for use under Diagram 111, page 151. 


S/ee/ Area - Sq. /nr /n Sach of Two O/recf/ons 
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Quantities for Sloped-Top Footings with v c = 0.03 f' c 
Diagram 127. — 6000-lb. Soil — 2500-lb. and 3750-lb. Concrete 
Load of Top of Footing in Thousands of Founds 



See instructions for use under Fig. 16, page 148. 


Wf of Fein force men f -Lb. per Footing 
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Design op Flat-Top Footings with v c — 0.03 f' c 


Diagram 128. 3000-lb. Soil — 2000-lb. and 3000-lb. Concrete 
Load oJ- Top of Poof/np /n Thousonds of Pounds 



See instructions for use under Diagram 111, page 151. 


n5VW/ Area- Sq //y - /n £oc/~> of 77vo D/necfons 


Sy. Ft oF Formwork per Footing 
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Quantities for Flat-Top Footings with v c = 0.03/' c 
Diagram 129. — 3000-lb. Soil — 2000-lb. and 3000-lb. Concrete 



See instructions for use under Fig. 16, page 148. 


£ ’Vl/ooj -<77_ jt/dovdDiJOjts/dtf jo jt/6/dp f 


S/de of Scjuore fboh'np /nfeer 
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Design of Flat-Top Footings with v c = 0.03 f' c 
Diagram 130.— 4000-lb. Soil — 2000-lb. and 3000-lb. Concrete 

Load of Top of f oof /np /n Thousands of Pounds 



See instructions for use under Diagram 111 , page 151. 


Sfee/ freo ** So./n . ~ /n £ocf> of Two O/recf/ons 
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Quantities for Flat-Top Footings with v c = 0.03 f' c 
Diagram 131. 4000-lb. Soil — 2000-lb. and 3000-lb. Concrete 



See instructions for use under Fig. 16, page 148. 
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Design of Flat-Top Footings with v c = 0.03 f' e 
Diagram 132. — 5000-lb. Soil — 2000-lb. and 3000-lb. Concrete 


Loocf of Top of Tooting rn Thousoncfs of Pounc/s- 



See instructions for use under Diagram 111 , page 151. 


■Stee/ Trt?a -So. /n. - /n Toch of- 7Wo D/recf/ons 


5“ q. Ft. of Formwork per Footing. 
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Quantities for Flat-Top Footings with v c = 0.03 f c r 
Diagram 133. — 5000-lb. Soil — 2000-lb. and 3000-lb. Concrete 

Looc/ at Top of Footing in Thousands of Pounds 


30 ( 


Z0< 


10 



See instructions for use under Fig. 16, page 148. 


Weight of Reinforcement- lb. per Footing. 


Side of S y uo re fooi/np in Feef 
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Design op Flat-Top Footings with v c — 0.03 f' c 
Diagram 134.— 6000-lb. Soil — 2000-lb. and 3000-lb. Concrete 

Load aJ- 7op of Footing in 7hooson<fs Pouncfs 



See instructions for use under Diagram 111, page 151. 


Sieei Area -Sc^./n. ~ in Foci? of 7Wo Direcforis 


Sq. Ft of Formwork per Foot/ng 
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Quantities for Flat-Top Footings with v c = Q.03/' c 
Diagram 135. — 6000-lb. Soil — 2000-lb. and 3000-lb. Concrete 



See instructions for use under Fig. 16, page 148. 


WF of/?e/nfbrccrr>enf - Ltxper Foof/ng 
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Design of Flat-Top Footings with v c = 0.03/' c 
Diagram 136. — 3000-lb. Soil — 2500-lb. and 3750-lb. Concrete 



'Sf'&c?/ fnso /n foe/) of 7wo &/f&cf/o/?s 
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Quantities for Flat-Top Footings with v c — 0.03 f' c 
Diagram 137— 3000-lb. Soil— 2500-lb. and 3750-lb. Concrete 



See instructions for use under Fig. 16, page 148. 


We/cjhf of fte/n forcemenf ~A 6. per' foo/-/ncp. 
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Design op Flat-Top Footings with v c = 0.03/' c 
Diagram 138. — 4000-lb. Soil — 2500-lb. and 3750-lb. Concrete 



See instructions for use under Diagram 111, page 151. 


S fee/ /Ireo-Sy./n. -/n Toe/? of Two O /fee fro ns 


Sq. Ft of Formwork per Footing 
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Quantities for Flat-Top Footings with v c = 0.03/' c 
Diagram 139.— 4000-lb. Soil— 2500-lb. and 3750-lb. Concrete 



See instructions for use under Fig. 16, page 148. 


JYt of fte/n for cement '‘AS. per Footing. 
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Design of Flat-Top Footings with v c = 0.03/' c 
Diagram 140 — 5000-lb. Soil — 2500-lb. and 3750-lb. Concrete 



See instructions for use under Diagram 111, page 151. 


Sfee/ Area-Sq. /n. ~/n Toe/? of Two D/recf/ons 


Sg Ft. of Form work per Footing 
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Quantities for Flat-Top Footings with v c = 0.03 f' c 
Diagram 141. — 5000-lb. Soil — 2500-lb. and 3750-lb. Concrete 



See instructions for use under Fig. 16, page 148. 


Wt of Fe/nfoncemenf ~Lb. per Footing* 
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Design of Flat-Top Footings with v c — 0.03/' c 
Diagram 142. — 6000-lb. Soil — 2500-lb. and 3750-lb. Concrete 



See instructions for use under Diagram 111, page 151. 


3 fee/ /4reo -3q. /n. ~/n £ocf? of Two O/recf/ons 
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Quantities for Flat-Top Footings with v c = 0.03/' c 
Diagram 143. — 6000-lb. Soil — 2500-lb. and 3750-lb. Concrete 



See instructions for use under Fig. 16, page 148. 


* 
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PART TWO— COST DATA. 

The cost of reinforced-concrete building construction designed in 
accordance with the 1928 Joint Standard Building Code will vary between 
fairly wide limits in different parts of the country. Where some cities 
pay $2.50 or more per cubic yard for concrete aggregate it may sometimes 
be secured on country jobs for as low as GO cents. The price of cement 
varies considerably and the labor cost is subject to great variations. Many 
other factors, including plant, size of job, number of stories, contracting 
ability, weather and working conditions, and labor rules contribute to the 
variation in building cost. I have therefore given in Tables 145 to 156 the 
quantities of concrete, reinforcing steel, formwork, excavation, etc., from 
which the engineer may compute for himself with little trouble the local 
price differential for tlie conditions on which he must operate. In Table 144 
and Fig. 18 unit prices have been used, as given later, and the cost com- 
parison given in terms of money. 

I have made complete designs of a typical interior panel, from founda- 
tion to roof, for 9G buildings covering the following range: 

2 
2 
2 
2 
2 
3 


Types of Construction 
Concrete Strengths 
Panel Sizes 
Live Loads 
Soil Pressures 
Building Heights 


Flat Slab and Beam-and-Girder. 

2.000 lb. and 3,000 lb. 

18 ft. by 18 ft. and 22 ft. 6 in. by 22 ft. 6 in. 
100 lb. and 300 lb. per sq. ft. 

3.000 lb. and 6,000 lb. per sq. ft. 

G, 9 and 12 stories. 


In selecting the values for the variables, two choices have been made 
representing a fairly low and a fairly high value. Thus an 18-ft. square 
panel is fairly small while a 22-ft. G-in. square panel is fairly large. A 
100-lb. live load is small, a 300-lb. live load is large. A six-story building 
is quite low and a twelve-story building fairly tall, as current work goes. 

The quantities reported are for the structural framework of the build- 
ing, including roof and floor slabs, but not including exterior walls, brick 
masonry, architectural finish or equipment of any kind. The design was 
carried out in general conformity with the Joint Code, using the tables 
and diagrams given in this paper. In designing, the size of column has 
been maintained the same for all parallel designs between the usual 
2,000-lb. concrete structure and the structure using stronger concrete. The 
usual design, however, involves 3,000-lb. concrete in the lower story col- 
umns while the higher-concrete-strength design uses 2,000-lb. concrete in 
the top stories increasing to 5,000-lb. concrete in the lower stories. The 
roof, floor slabs and the footings are designed for one concrete strength in 
any one building — 2,000 lb. or 3,000 lb. as the tables indicate. It would 
be possible to manipulate such a comparison to a considerable extent, but 
my intention, carried out with much care and thought, has been to make 
designs in the 2,000-lb. and 3,000-lb. classes, which would represent equally 
good practice in both cases and which would show only that saving in 
materials which naturally results from the use of richer concrete. One of 
the chief savings is the reduction in dead weight of the structure itself 
which shows up mainly in the column and footing quantities. The saving 
resulting from the use of richer concrete may be realized in either one of 
two ways : ( 1 ) as in done in this paper, the first cost of the building may 
be reduced, or (2) the size of columns may be greatly reduced resulting in 
a valuable increase in the useable floor areas. 

In Tables 145 to 152 inclusive, quantities are stated for the elements of 
which buildings are composed — roof, floors, columns, footings — and numer- 
ous buildings may be worked out from these tables which are not included 
in Tables 153 to 156 inclusive, where the total quantities for one panel from 
footing to roof for 9G buildings have been assembled. The concrete quan- 


Design and Cost Data for the Building Code. 185 


tities do not include a basement floor on the ground. Formwork has been 
given in square feet of concrete surface in contact with the forms, except 
that steel column .forms are given in units for one story. Reinforcing 
steel is separated, between bars (both straight and bent) and spiral (in- 
cluding ties and stirrups in the spiral item). Excavation allows 4 inches 
on all sides of the footing and excludes 6 inches of the combined depth of 
footing and pedestal. This is pit excavation only. In four cases where 

3,000-lb. soil would not support the column load" within the panel area, 
concrete piles are indicated, computed for a load of 30 tons each. Items 
containing piles suffer a considerable increase in cost, but in all cases 
where piles have been required with 2,000-lb. concrete they have been used 
also with the 3,000-lb. concrete, so that the difference in price is not greatly 
affected. In actual designing, cases may arise where the saving in dead 
weight will make it possible to use spread footings with 3,000-lb. concrete 
as against piles for 2,000-lb. concrete and so make large savings not shown 
in this comparison. With this information the proper unit cost for each 
item may be readily determined by an experienced estimator. 

The unit costs which I have used in Table 144 and Fig. 18 are as 
follows : 

Reinforcing bars in place $70.00 per ton. 

Spiral, ties and stirrups in place $90.00 per ton. 

Wood formwork, erected and removed, 25^ per sq. ft. 

Steel column forms, rental and labor, $15.00 per column per story. 

Hand excavation, including backfill, $2.70 per cu. yd. 

Concrete piles, 30 tons capacity, $42.00 each. 

2,000-lb. concrete in place $10.95 per cu. yd. 


1.35 bbl. cement and sacks at $2.75 = $3.72 

0.59 cu. yd. fine aggregate at 2.50= 1.48 

0.70 cu. yd. coarse aggregate at 2.50= 1.75 

Water (7*4 gal. per sack) 

Mixing and placing, including plant 
and other overhead charges and 
cost of protecting and curing .... at 4.00 

3,000-lb. concrete in place $11.66 per cu. yd. 


1.65 bbl. cement and sacks at $2.75 = $4.54 

0.56 cu. yd. fine aggregate at 2.50= 1.40 

0.69 cu. yd. coarse aggregate at 2.50= 1.72 

Water (6 gal. per sack) 

Mixing and placing, including plant 
and other overhead charges and 
cost of protecting and curing .... at 4.00 

5,000-lb. concrete in place $13.47 per cu. yd. 


2.4 bbl. cement and sacks at $2.75 = $6.60 

0.41 cu. yd. fine aggregate at 2.50= 1.02 

0.74 cu. yd. coarse aggregate at 2.50= 1.85 

Water (4*4 gal. per sack) 

Mixing and placing, including plant 
and other overhead charges and 
cost of protecting and curing .... at 4.00 

The quantities in the mixes given above are based on tests in which 
both gravel and crushed limestone were used for coarse aggregates and 
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in which the slumps varied from 5 in. to 7 in. The maximum size of 

the aggregate was % in. 

Advantages of Stronger Concrete . — Engineers are so accustomed to 
thinking of concrete for buildings in terms of 2,000-lb. strength at 28 days 
that it may be novel to consider using a 3,000-lb. concrete as the basic mix. 
For a great many years, however, it has been general practice to use 

3.000- lb. concrete in the more heavily loaded columns of buildings. With 
the continually widening use of scientific concrete in recent years, many 
engineers and contractors have discovered that the full economy of scien- 
tific concreting can be secured in 2,000-lb. strength only at the sacrifice of 
workability. In order to keep a concrete of easy working quality on the 
job, contractors are generally — under usual weather conditions — providing 
a concrete of about 2,500-lb. strength in structures where only 2,000-lb. 
concrete is required. This experience has led many engineers to design 
structures in 2,500 or 3,000-lb. concrete in order to utilize the strength 
actually provided on the job. My own experience has led me to believe that 
a slight addition in cement (and a big reduction in water) as compared 
with the old-time practice, will produce a 3,000-lb. concrete which is more 
workable and less permeable at a very small increase in cost over the 

2.000- lb. variety Even if such a concrete should cost as much in terms 
of the completed building as 2,000-lb. concrete, it would be preferable for 
several reasons. The increased workability due to added cement (as com- 
pared with 2,000-lb. concrete) will facilitate placing and surfacing and 
so overcome the objection of the field forces to stiff consistencies. The 
added cement and decreased water will greatly decrease the porosity and 
permeability and increase the weather resistance of the concrete. * Such 
concrete will attain strength more rapidly and as a result will permit an 
earlier finishing of the work and require protection against low tempera- 
tures for a shorter period. It will also afford a much better bond with 
the reinforcing steel, and thus permit the use of larger bar sizes and 
shorter bars. It will decrease the thickness of members as controlled by 
compression and diagonal tension and decrease the weight of the supporting 
structure. The shrinkage, while greater than that for 2,000-lb. concrete, 
will be considerably less than that of the old-time wet 1:2:4 concrete. In 
the case of 5,000-lb. concrete as used in heavily loaded columns, the actual 
amount of cement and the shrinkage will be less than with the old-time 
wet 1:1:2 (3,000-lb.) concrete. This shrinkage consideration will limit 
the use of exceedingly rich mixes, especially in slabs and walls of great 
length, but it will not deter from the use of properly made 3,000-lb. concrete 
in floors and walls or of properly made 5,000-lb. concrete in columns, since 
it involves less shrinkage than existing buildings are carrying comfortably. 

Flat Slab Cost Study . — A study of tables Nos. 145 and 146 or of 147 
and 148 shows that there is but a small difference in cost as between a four- 
way flat slab floor (or roof) made of 2,000-lb. or 3,000-lb. concrete. While 
these quantities are based on actual computations by the four-way system, 
the provisions of the Code are such that no material differences would be 
expected from computations by the two-way system. At the unit prices 
given before the saving with stronger concrete is from 1.0 to 1.8 cents per 
sq. ft. of floor area. The real saving is secured in the columns and foot- 
ings through the reduction in dead weight. The quantities in tables Nos. 
153 and 154 are priced and plotted in Fig. 18. A study of the data indi- 
cates in a general way the following comparisons for complete buildings: 

( 1 ) A considerable saving in cost for all loads and spans may be 
effected by the use of 3,000-lb. concrete. 

(2) This saving increases (but at a decreasing rate of increase) with 
the number of stories in the building. 

(3) This saving increases as the soil pressure decreases. 
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(4) This saving increases slightly with larger panel sizes. 

(5) This saving increases markedly with heavier live loads. 

The least saving of the 3,000-lb. over the 2,000-lb. concrete (smaller 
panel, lighter live load, higher soil pressure) amounts to 1.8 cents per 
sq. ft. of total floor area for a six-story building and increases to 3.3 cents 
per sq. ft. for a twelve-story building. The greatest saving (larger panel, 


No. of Stories No. of S/or! os 



So// Loo< / • 3000 per Sq.FF. So!/ Loo<f ■ 6000 /Lb. per S^.F/. 
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FIG. 18. — SAVING FROM USE OF 3,000-LB. CONCRETE. 
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heavier live load, lower soil pressure and higher building) amounts, to 
9.2 cents per sq. ft. for a twelve-story building. The maximum saving, 
expressed in percentage of the cost of the concrete frame is over 7 per cent. 
The least saving is over 2 per cent. 

Beam-and-Cirder Cost Study . — In this study of the “beam-and-girder” 
system the framing of the members was as follows: Girders from column 
to column in one direction, beams directly from column to column in the 
other direction, two beams (at the third points) between these marginal 
beams and one-way slabs spanning between all beams. The slabs have tem- 
perature and shrinkage reinforcement as required by the Joint Code. A 
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at " dy °/ TableS • 49 a ? d 15 u°’ 0r of 151 and 152 showa that th ere is an ap- 
the 3 000 fh V J.nnpr n t C0St It t^ 6 fl °°P and r °° f construction itself by the use of 
to from i o t „ u t 6 Unlt P / 1CeS g,Ven before tllis savin g amounts 
deaH woii'bt pf tn Ce " ?" !^ uare foot - There is also a reduction in the 
nf pnw f i o c ° nstr “etion, resulting in further savings in the cost 

plo ^ t, r d f ?- Undat ’° ns ; The quantities of Tables 155 and 156 are priced 

for complete ' buTldin gs A ° f theS ® d&ta indicates in a £ eneral wa J 

the uilof iooS^concUr" 6 ^ l0adS 8panS “ ay be effected by 

. This saving increases (but at a decreasing rate) with the number 

of stories in the building. 

!a\ t'd* S sav 7 n g increases as the soil pressure decreases, 
l a u J hlS saving increases as the panel size increases with 100-lb live- 
loaa, but decreases as the panel size increases with 300-lb. live-load. 

(5) This saving increases markedly with heavier live loads. 

amo.m't! t™? ( smaller P a nel, lighter live load, higher soil pressure) 
mounts to 2.5 cents per sq. ft. of total floor area for a six-story building 
orp , n ® rease . 9 to 4 -° cents per sq. ft. for a twelve-story buildinrr The 
h,al l h 8 m ' ng , (smaller P ane l> heavier live load, lower soil pressure and 
inf b Fv!rl dm | ). amounts to 9.1 cents per sq. ft. for a twelve-story build- 
ing Expressed in percentage of cost of the concrete frame, the maximum 
saving is 7.2 per cent. The least saving is 3.1 per cent. 

Comparison of Flat Slab and Beam-and-Oirder Construction. — In gen- 
eral the savings effected by the use of 3,000-lb. concrete are greater with 
beam-and-girder construction than with flat slab. An exception occurs in 
the case of the larger panel with the heavier live load. The total cost of 
the beam-and-girder construction is always greater than that of the corre- 

form <1 wifb fl f t l S ab d T l* 6 flat slab . t yP e > as here designed, is the standard 
V,r„ * n i? f rged C t °, U T ca P' tals and drop panels at the column head. 
Where the capital or the dropped panel, or both, must be omitted for archi- 
tectural reasons the cost of the flat slab type would be greatly increased. 

A study of the data of Table 144 leads to the following general con- 
tusions as to the excess in cost of beam-and-girder over standard flat 
slab construction: 

( 1 ) It becomes greater as the load increases. 

(2) It becomes greater as the soil pressure increases. 

(3) It becomes less as the panel size increases. 

( 4 ) It is not greatly affected by the number of stories. 

mnrp E fnr e +nt d i 1 su gUreS tbe bea “- and -g ir der type costs about 9.5 per cent 
more for the 18-ft. panel, 100-lb. LL and 3,000-lb. soil. This difference 

WiTrooVw PCr Ce w, f0I n th ? ! 8 ' ft panel > 300db - LL and 6,000-lb. soil. 
With 22-ft. 6-m. panel the first figure is reduced to about 3.5 per cent and 
the second to about 10 per cent. r 

■ ■ Comparison With Chicago Code— l have in my office complete quanti- 
ties for designs in accordance with the present Chicago Code (now in 
process of revision) which afford comparisons between the cost of the ioint 
requirements and those of a well-known and widely-used present standard, 
the great length of this paper forbids anything beyond a very brief state- 
ment of this comparison. 

Wi/nf 9 t onn f i°i Ur ’ Way * at i‘ b T ty P e the cost is nearly identical on the 
basis of 2,000-lb. concrete. The Joint Code, however, will give a consider- 
ably better balanced design than the Chicago ordinance. The increased 

otlmr Tafco-uards C ° de by add6d anchora S e of reinforcement and 

For the beam-and-girder type the cost in accordance with the Joint 
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Code is about 8 per cent less than the Chicago figure. This saving is for 
a typical interior panel and the saving for the entire building including 
exterior panels would be somewhat less. The Joint Code requires far better 
anchorage of reinforcement than the Chicago Code but the clear span 
moment calculations and the increased stresses more than offset this 
addition. 

Most designers, I feel, will agree that the effect secured by the Joint 
Code in decreasing the difference in cost between the beam-and-girder and 
the flat-slab construction is desirable. The present advantage enjoyed by 
the flat-slab type will still remain but will be decreased in amount by the 
adoption of the Joint Code. 

In the Chicago beam-and-girder designs no shrinkage and temperature 
reinforcement was included. 

Savings from Scientific Concrete Proportioning . — All of the figures in 
this paper are based on the use of moderately stiff, non-segregating con- 
crete. Such concrete may be manufactured and placed in the field to give 
any required strength at a considerably less cost than the wet consistencies 
often used in the past. This added saving acts to increase the final saving 
that may be realized by the use of 3,000-lb. scientific concrete to values 
greater than shown in this paper if comparison is made with the cost of 
old-time sloppy concrete of the same strength. 

Use of Cost Data for Estimating . — The data of Tables 145 to 156 inclu- 
sive may be useful to engineers in estimating in advance the cost of pro- 
posed buildings to be designed under the 1928 Joint Code. In making use 
of this material for this purpose it is advisable to comply with the follow- 
ing necessary limitations: 

( 1 ) Determine proper cost units for the conditions of the contem- 
plated work. The unit costs as given in this paper and on which Table 144 
and Fig. 18 are based are not applicable, except by coincidence, to such 
use. They are too large for large jobs and too small for small jobs. The 
size of building, number of re-uses of forms, cost of materials and labor, 
weather conditions, and many local conditions will determine the proper 
values of cost units in any case. 

(2) Proper allowance must be made for exterior and special panels, 
since these tables deal with typical interior panels exclusively. 

(3) Only the pit excavation for footings is included under the item 
of excavation in the table. The general (steam shovel) excavation must 
be added, with allowance for overrun at sides of lot. 

(4) A small allowance should be made for necessary wastage of mate- 
rial in the final design. In these tables fractional bars have been used 
occasionally in order to permit of accurate interpolation between the com- 
puted values. In a few cases the soil. pressure must slightly exceed that 
given in the tables in order to keep the footings within the panel area. 

(5) . Column live loads on all floors have been reduced in accordance 
with Chicago practice — 15 per cent for the top floor, 20 per cent for the 
next, increasing by 5 per cent to 50 per cent for the eighth floor from the 
top and for all lower floors. The Joint Code does not prescribe any load 
reductions, since this would be a general ordinance provision applying to 
concrete in common with all other types of building construction. Allow- 
ance must be made in case other load reduction provisions are in force. 

(6) The size of columns will affect the quantities markedly. Allow- 
ance must be made if very small columns are required. In these designs 
the diameter or side of the top-story column has been made about one- 
twelfth of the panel dimension, and the percentage of column vertical rein- 
forcement has been kept in the 2 to 3 per cent region generally. Stronger 
concrete has been used as the load increases, rather than very high steel 
percentages. 

(7) If piles or caissons are required, the cost will be considerably 
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increased, except where piles are shown in the tables. Where piles are 
shown allowance must be made if the depth of pile cut-off requires addi- 
tional excavation, unless gravity footings are possible and effect a balanc- 
ing saving. 

(8) In interpolating between the panel sizes and loadings covered by 
my computations the trend of the data as given in a diagram similar to 
Fig. 18 drawn with the proper unit prices for the work in hand, should 
be carefully studied. 

. Joist and girder type, or beam and girder with other than third 

point beam spacing, will affect the quantities, and proper allowance should 
be made for the actual framing to be used. 

(10) If the flat slab capital or depressed panel is to be different 
from the values given in Diagrams 77, 79, etc., in Part I of this paper, 
allowance must be made for the effect of such variation in increasing or 
decreasing quantities. 


Table 144.— Cost in Cents per Square Foot op Total Floor Area. 
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Table 145. — Flat Slab Quantities — 18 ft. by 18 ft. Interior Panel. 
Usual Design — 2000-lb. Concrete, except in Columns. 


Item 

No. 

Item 

Concrete 

Reinforcing Steel 

Formwork 

Hand 
Excava- 
tion, 
cu. ft. 

2000-lb., 
cu. ft. 

3000-lb., 
cu. ft. 

Bars, 

lb. 

Spiral, 

lb. 

Wood, 
sq. ft. 

Steel, 

units 

1 

Roof 

155 


381 


330 


•• 



100-lb. Live Load on All Floors. 


2 

Floor 

193 


506 


331 



3 

1-6 Story Columns 

113 

64 

1266 

439 


6 


4 

3000-lb Footing 

161 

7 

591 

44 


329 

5 

6000-lb. Footing 

82 

3 

350 


28 


144 

6 

1-9 Story Columns 

113 

180 

2742 

804 

9 


7 

3000-lb. Footing 

293 

15 

1156 

7i 


643 

8 

9 

6000-lb. Footing 

141 

4 

595 


43 


250 

1-12 Story Columns 

113 

314 

4868 

1288 


12 


10 

11 

3000-lb. Footing 

440 

27 

1820 


90 


1078 

6000-lb. Footing 

205 

4 

946 

*8 

48 


360 







300-lb. Live Load on All Floors. 

12 

13 

14 

15 

16 

17 

18 

19 

20 
21 

Floor 

236 


855 


333 



1-6 Story Columns 

57 

144 

2458 

64 i 


’6 


3000-1 h Footing 

401 

24 

1695 


82 


960 

6000-lb. Footing 

198 

5 

883 


44 


338 

1-9 Story Columns 

57 

300 

5538 

1294 


*9 


3000-lb. Footing 

687 

47 

2970 


122 


1804 

6000-lb. Footing 

339 

8 

1593 

ib 

62 


616 

1-12 Story Columns 

57 

491 

9668 

2156 


i2 


3000-lb. Footing 

1028 

76 

4472 

157 


2740 

6000-lb. Footing 

507 

12 

2260 

20 

81 


941 
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Table 146. — Flat Slab Quantities — 18 ft. by 18 ft. Interior Panel. 
Design Using 3000-lb. Concrete, except in Columns. 


Item 

No. 

Item 

Concrete 

Reinforcing Steel 

Formwork 

Hand 
Excava- 
tion, 
cu. ft. 

2000-lb., 
cu. ft. 

3000-lb., 
cu. ft. 

5000-lb., 
cu. ft. 

Bars, 

lb. 

Spiral, 

lb. 

Wood, 
sq. ft. 

Steel, 

units 

22 

Roof 


136 

•• 

407 

•• 

329 





100-lb. Live Load on All Floors. 


Floor 


170 


552 


330 


1-6 Story Columns . . . 
3000-lb. Footing 

85 

133 

92 

870 

692 

36i 

38 

*6 

6000-lb. Footing 


70 


451 


25 


1-9 Story Columns. . . 

85 


208 

1733 

604 

9 

3000-lb. Footing 


224 


1240 

55 


6000-lb. Footing 


112 


629 


32 


1-12 Story Columns. . 

85 


352 

2910 

925 

i2 

3000-lb. Footing 


337 


2063 

77 

6000-lb. Footing 


189 


933 

io 

40 



300-lb. Live Load on All Floors. 


33 

Floor 


204 


992 


332 



34 

1-6 Story Columns. . . 

57 

28 

li6 

1752 

5i2 


6 


35 

3000-lb. Footing 


372 


1782 


77 


740 

36 

6000-lb. Footing 


148 

’4 

855 


39 


256 

37 

1-9 Story Columns. . . 

57 

28 

272 

3568 

938 


’9 


38 

3000-lb. Footing 


591 

41 

3316 


97 


1390 

39 

6000-lb. Footing 


271 

6 

1569 

12 

53 


475 

40 

1-12 Story Columns. . 

57 

28 

463 

6041 

1487 


12 


41 

3000-lb. Footing 


787 

67 

5018 


123 


2166 

42 

6000-lb. Footing 


391 

8 

2291 

is 

67 


698 
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Table 147. — Flat Slab Quantities — 22 ft. 6 in. by 22 ft. 6 in. Interior 

Panel. 

Usual Design — 2000 lb. Concrete, except in Columns. 


Item 

No. 

Item 

Concrete 

Reinforcing Steel 

Formwork 

Hand 
Excava- 
tion, 
cu. ft. 

Number 

of 

Concrete 

Piles 

2000-lb., 
cu. ft. 

3000-lb., 
cu. ft. 

Bars, 

lb. 

Spiral, 

lb. 

Wood, 
sq. ft. 

Steel, 

units 

43 

Roof 

303 


810 


516 






100-lb. Live Load on All Floors. 


44 

Floor 

378 


1028 


517 




45 

1-6 Story Columns. . . 

197 

108 

2282 

600 


*6 



46 

3000-lb. Footing 

365 

20 

1490 


76 


842 


47 

6000-lb. Footing 

173 

4 

624 


43 


299 


48 

1-9 Story Columns. . . 

197 

295 

5144 

1208 


'd 



49 

3000-lb. Footing 

658 

40 

2784 


109 


16i2 


50 

6000-lb. Footing 

313 

5 

1453 

ii 

60 


535 


51 

1-12 Story Columns. . 

197 

503 

9216 

2046 


12 



52 

3000-lb. Footing 

987 

71 

4250 


153 


2620 


53 

6000-lb. Footing 

474 

16 

2216 

25 

83 


925 



300-lb. Live Load on All Floors. 


54 

Floor 

464 


1701 


520 




55 

1-6 Story Columns. . . 

98 

236 

4279 

954 


’6 



56 

3000-lb. Footing 

852 

58 

3634 


134 


22W 


57 

6000-lb. Footing 

421 

9 

1894 

is 

70 


780 


58 

1-9 Story Columns. . . 

98 

470 

9831 

2054 


*9 



59 

3000-lb. Footing 

500 

25 

2540 

50 

115 


1005 

28 

60 

6000-lb. Footing 

716 

20 

3300 

65 

104 


1452 


61 

1-12 Story Columns. . 

98 

760 

17291 

3509 


12 



62 

3000-lb. Footing 

825 

29 

3493 

110 

147 


1560 

38 

63 

6000-lb. Footing 

1086 

35 

4940 

130 

141 


2252 
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Table 148— Flat Slab Quantities— 22 ft. 6 in. by 22 ft. 6 in. Interior 

Panel. 

Design Using 3000-lb. Concrete, except in Columns. 


Item 

No. 

Item 

Concrete 

Reinforcing Steel 

Formwork 

Hand 
Excava- 
tion, 
cu. ft. 

Number 

of 

Concrete 

Piles 

2000-lb., 
cu. ft. 

3000-lb. f 
cu. ft. 

5000-lb., 
cu. ft. 

Bars, 

lb. 

Spiral, 

lb. 

Wood, 
sq. ft. 

Steel, 

units 

64 

Roof 


264 


882 


514 

•• 





100-lb. Live Load on All Floors. 


65 

66 

67 

68 

69 

70 

71 

72 

73 

74 


Floor 

1-6 Story Columns . 
3000-lb. Footing. . . 
6000-lb. Footing. . . 
1-9 Story Columns . 
3000-lb. Footing. . . 
6000-lb. F ooting . . . 
1-12 Story Columns 
3000-lb. Footing. . . 
6000-lb. Footing. . . 



330 

197 

287 


140 

197 

499 


246 

197 

749 


344 



1135 


108 

1826 

536 


1640 



798 


295 

3721 

977 


3026 


5 

1480 


503 

6107 

1495 

72 

4957 


9 

2045 



516 

6 


69 


60i 

39 

*9 

236 

87 


1153 

50 

12 

420 

129 


2160 

65 


621 


300-lb. Live Load on All Floors. 


Floor 

1-6 Story Columns . 
3000-lb. Footing. . . 
6000-lb. Footing. . . 
1-9 Story Columns . 
3000-lb. Footing. . . 
6000-lb. F ooting . . . 
1-12 Story Columns 
3000-lb. Footing. . . 
6000-lb. Footing. . . 



396 


1942 


518 



98 

49 

187 

3008 

735 

6 



694 


3979 


ii4 


1725 

98 

312 

*8 

1866 

i5 

62 


574 

49 

421 

6458 

1445 

9 


450 

22 

2400 

35 

106 


88i 


545 

18 

3303 

46 

89 


1122 

98 

49 

710 

11051 

2376 

12 


660 

11 

2328 

32 

iig 

1144 


825 

30 

4909 

78 

119 


1679 


26 


36 
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Table 149. — Beam and Girder Quantities — 18 ft. by 18 ft. Interior 

Panel. 

Usual Design — 2000-lb. Concrete, except in Columns. 


Item 

Item 

Concrete 

Reinforcing Steel 

Wood 

Hand 

Excava- 

No. 

2000-lb., 
cu. ft. 

3000-lb., 
cu. ft. 

Bars, 

lb. 

Spiral, 

lb. 

Forms, 
sq. ft. 

tion, 
cu. ft. 

1 

Roof 

140 


563 

53 

471 




1 



100-lb. Live Load on All Floors. 


2 

Floor 

147 


738 

79 

471 


3 

1-6 Story Columns 

75 

87 

1031 

408 

411 


4 

3000-lb. Footing 

144 

489 

39 

255 

5 

6000-lb. Footing 

70 


275 


26 

669 

115 

6 

1-9 Story Columns 

75 

2i2 

2268 

738 

7 

3000-lb. Footing 

244 

870 

55 

484 

8 

6000-lb. Footing 

117 

4 

465 


35 

206 

9 

1-12 Story Columns 

75 

368 

4112 

1190 

957 

10 

3000-lb. Footing 

362 

20 

1421 

76 

844 

11 

6000-lb. Footing 

173 

4 

798 


43 

304 






300-lb. Live Load on All Floors. 


12 

Floor 

190 


1136 

190 

541 


13 

1-6 Story Columns 

50 

159 

2500 

685 

480 


14 

3000-lb. F ooting 

362 

20 

1488 

76 

845 

15 

6000-lb. Footing 

168 

4 

792 


43 

294 

16 

1-9 Story Columns 

50 

340 

5680 

1404 

798 

17 

3000-lb. Footing 

643 

41 

2699 

108 

1594 

18 

6000-lb. F ooting 

298 

13 

1429 


65 

613 

19 

1-12 Story Columns 

50 

568 

10020 

2356 

1155 

20 

3000-lb. Footing 

948 

67 

4078 

142 

2500 

21 

6000-lb. Footing 

448 

34 

2125 


95 

1045 
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Table 150. — Beam and Girder Quantities — 18 ft. bt 18 ft. Interior 

Panel. 

Design Using 3000-lb. Concrete, except in Columns. 


Item 

No. 

Item 

Concrete 

Reinforcing Steel 

Wood 
Forms, 
sq. ft. 

Hand 
Excava- 
tion, 
cu. ft. 

2000-lb., 
cu. ft. 

3000-lb., 
cu. ft. 

5000-lb., 
cu. ft. 

Bars, 

lb. 

Spiral, 

lb. 

22 

Roof 


127 


466 

26 

476 




100- lb. Live Load on All Floors. 


23 

24 

25 

26 

27 

28 

29 

30 

31 

32 


Floor 

1-6 Story Columns. 
3000-lb. Footing. . . . 

6000-lb. Footing 

1-9 Story Columns. . 
3000-lb. Footing.... 

6000-lb. Footing 

1-12 Story Columns 

3000-lb. Footing 

6000-lb. Footing 


135 


635 

51 

475 

25 

62 

872 

379 

411 

114 


556 


34 

59 


298 


24 

25 

188 

1474 

585 

699 

197 


1008 


47 

102 


483 


32 

25 

343 

2426 

852 

957 

296 


1631 


64 

126 


762 


37 


356 

171 

664 

236 


33 

34 

35 

36 

37 

38 

39 

40 

41 

42 


Floor 

1-6 Story Columns . 
3000-lb. Footing.... 

6000-lb. Footing 

1-9 Story Columns. , 

3000-lb. Footing 

6000-lb. Footing 

1-12 Story Columns 

3000-lb. Footing 

6000-lb. Footing 


300-lb. Live Load on All Floors 



169 


925 

152 

548 


50 


159 

1727 

540 

480 



296 


1699 


64 

660 


145 


786 


39 

242 

50 


340 

3720 

1026 

798 



5i2 


2984 


93 

1250 


246 

*5 

1405 


51 

421 

50 


568 

6590 

1667 

1155 



775 


4802 


124 

2000 


352 

9 

2285 


65 

651 


Design and Cost Data for the Building Code. 


197 


Table 151 . — Beam and Girder Quantities — 22 ft. 6 in. by 22 ft. 6 in. 

Interior Panel. 

Usual Design — 2000-lb. Concrete, except in Columns. 


Item 

No. 

Item 

Concrete 

Reinforcing Steel 

Wood 
Forms, 
sq. ft. 

Hand 
Excava- 
tion, 
cu. ft. 

Number 

of 

Concrete 

Piles 

2000-lb., 
cu. ft. 

3000-lb., 
cu. ft. 

Bars, 

lb. 

Spiral, 

43 

Roof 

230 


1043 

81 

739 





100-lb. Live Load on All Floors. 


44 

Floor 

250 


1219 

143 

796 



45 

1-6 Story Columns 

114 

131 

1869 

573 

524 



46 

3000-lb. Footing 

266 

13 

1017 

60 

574 


47 

6000-lb. Footing 

131 

4 

588 


36 

230 


48 

1-9 Story Columns 

114 

313 

4241 

1138 

843 


49 

3000-lb. Footing 

485 

26 

1976 

88 

1120 


50 

6000-lb. Footing 

222 

5 

1037 


50 

388 


51 

1-12 Story Columns 

114 

543 

7630 

1893 

1201 


52 

3000-lb. Footing 

722 

47 

2986 

119 

isio 


53 

6000-lb. Footing 

348 

7 

1603 


68 

614 








300-lb. Live Load on All Floors. 


Floor 

311 


2208 

340 

846 


1-6 Story Columns 

78 

228 

4144 

1015 

587 


3000-lb. Footing 

685 

48 

2953 

116 

1793 

6000-lb. Footing 

330 

10 

1585 


64 

600 

1-9 Story Columns 

78 

496 

9425 

2153 

979 


3000-lb. F ooting 

547 

62 

2135 

225 

953 

6000-lb. F ooting 

590 

20 

2710 


90 

1166 

1-12 Story Columns 

78 

857 

16438 

3654 

1435 

3000-lb. Footing 

787 

243 

3365 

340 

1798 

6000-lb. Footing 

903 

35 

4096 


120 

1830 
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Table 152. — Beam and Girder Quantities — 22 ft. 6 in. by 22 ft. 6 in. 

Interior Panel. 

Design Using 3000-lb. Concrete, except in Columns. 


Item 

No. 

Item 

Concrete 

Reinforcing Steel 

Wood 
Forms, 
sq. ft. 

Hand 
Excava- 
tion, 
cu. ft. 

Number 

of 

Concrete 

Piles 

2000-lb., 
cu. ft. 

3000-lb., 
cu. ft. 

5000-lb., 
cu. ft. 

Bars, 

lb. 

Spiral, 

64 

Roof 


207 


846 

59 

747 





100-lb. Live Load on All Floors. 


65 

66 

67 

68 

69 

70 

71 

72 

73 

74 


Floor 

1-6 Story Columns. . . 

3000-lb. Footing 

6000-lb. Footing 

1-9 Story Columns. . . 

3000-lb. Footing 

6000-lb. Footing 

1-12 Story Columns. . 

3000-lb. Footing 

6000-lb. Footing 


ii4 

220 


1092 

96 

804 


38 

93 

1564 

508 

524 



219 


1206 


52 

435 

ii4 

110 


597 


33 

184 

38 

275 

2755 

840 

843 


378 


2042 


75 

832 

ii4 

182 


966 


42 

305 

38 

505 

4574 

129i 

1201 


569 


3183 


102 

1372 


269 


1547 


53 

452 


300-lb. Live Load on All Floors. 


Floor 

1-6 Story Columns. . . 

78 

289 

41 

188 

1931 

3216 

283 

804 

855 

587 


3000-lb. Footing 


572 


3396 

99 

143i 

6000-lb. F ooting 


268 

6 

1596 


54 

470 

1-9 Story Columns. . . 

78 

41 

455 

6688 

1584 

979 

3000-lb. Footing 


532 


2048 

200 

866 

6000-lb. Footing 


464 

i3 

2830 


80 

888 

1-12 Story Columns. . 

78 

41 

816 

11261 

2504 

1435 

3000-lb. Footing 


821 


3135 

295 

1535 

6000-lb. Footing 


706 

22 

4252 


106 

1416 
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Table 153. — Flat Slab Quantities — 18 ft. by 18 ft. Interior Panel. 
Total Quantities for One Panel from Footing to Roof. 


Item 

No. 

Num- 
ber of 
Stories 

Live 
Load, 
lb. per 
sq. ft. 

Soil 
Load, 
lb. per 
sq. ft. 

Con- 
crete, 
lb. per 
sq. in. 

Concrete 

Reinforcing 

Steel 

Formwork 

Hand 
Exca- 
vation, 
cu. ft. 

2000-lb., 
cu. ft. 

3000-lb., 
cu. ft. 

5000-lb., 
cu. ft. 

Bars, 

lb. 

Spiral, 

lb. 

Wood, 
sq. ft. 

Steel, 

units 

101 

6 

100 

3000 

2000 

1394 

71 


4768 

439 

2029 

6 

329 

102 

6 

100 

3000 

3000 

85 

1119 

92 

4729 

361 

2017 

6 

261 

103 

9 

100 

3000 

2000 

2105 

195 


8327 

804 

3049 

9 

643 

104 

9 

100 

3000 

3000 

85 

1720 

208 

7796 

604 

3024 

9 

473 

105 

12 

100 

3000 

2000 

2831 

341 


12635 

1288 

4061 

12 

1078 

106 

12 

100 

3000 

3000 

85 

2343 

352 

11452 

925 

4036 

12 

816 

107 

6 

100 

6000 

2000 

1315 

67 


4537 

439 

2013 

6 

144 

108 

6 

100 

6000 

3000 

85 

1056 

92 

4488 

361 

2004 

6 

117 

109 

9 

100 

6000 

2000 

1953 

184 


7781 

804 

3021 

9 

250 

110 

9 

100 

6000 

3000 

85 

1608 

208 

7185 

604 

3001 

9 

194 

111 

12 

100 

6000 

2000 

2596 

318 


11761 

1296 

4019 

12 

360 

112 

12 

100 

6000 

3000 

85 

2173 

352 

10260 

911 

3999 

12 

280 

113 

6 

300 

3000 

2000 

1793 

168 


8809 

641 

2077 

6 

960 

114 

6 

300 

3000 

3000 

57 

1506 

li6 

8937 

512 

2066 

6 

740 

115 

9 

300 

3000 

2000 

2787 

347 


15729 

1294 

3116 

9 

1760 

116 

9 

300 

3000 

3000 

57 

2321 

313 

15227 

938 

3082 

9 

1390 

117 

12 

300 

3000 

2000 

3836 

567 


23899 

2156 

4150 

12 

2740 

118 

12 

300 

3000 

3000 

57 

3195 

530 

22378 

1487 

4104 

12 

2166 

119 

6 

300 

6000 

2000 

1590 

149 


8004 

641 

2039 

6 

338 

120 

6 

300 

6000 

3000 

57 

1332 

120 

8010 

512 

2028 

6 

256 

121 

9 

300 

6000 

2000 

2439 

308 


14352 

1309 

3056 

9 

616 

122 

9 

300 

6000 

3000 

57 

2067 

278 

13408 

950 

3038 

9 

475 

123 

12 

300 

6000 

2000 

3315 

503 


21741 

2176 

4074 

12 

941 

124 

12 

300 

6000 

3000 

57 

2799 

47i 

19651 

1502 

4048 

12 

698 
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Table 154. — Flat Slab Quantities — 22 ft. 6 in. by 22 ft. 6 in. Interior 

Panel. 

Total Quantities for One Panel from Footing to Roof. 


Item 

No. 

Num- 
ber of 
Sto- 
ries 

Live 
Load, 
lb. per 
sq. ft. 

Soil 
Load, 
lb. per 
sq. ft. 

Con- 
crete, 
lb. per 
sq. in. 

Concrete 

Reinforcing 

Steel 

Formwork 

Hand 
Exca- 
vation, 
cu. ft. 

Number 

of 

Con- 

crete 

Piles 

2000- 

lb., 

cu.ft. 

3000- 

lb., 

cu.ft. 

5000- 

lb., 

cu.ft. 

Bars, 

lb. 

Spiral, 

lb. 

Wood, 
sq. ft. 

Steel, 

units 

125 

6 

100 

3000 

2000 

2755 

128 


9722 

600 

3177 

6 

842 


126 

6 

100 

3000 

3000 

197 

2201 

108 

10017 

536 

3163 

6 

601 


127 

9 

100 

3000 

2000 

4182 

335 


16862 

1208 

4761 

9 

1612 


128 

9 

100 

3000 

3000 

197 

3403 

295 

16709 

977 

4729 

9 

1153 


129 

12 

100 

3000 

2000 

5646 

574 


25584 

2154 

6356 

12 

2620 


130 

12 

100 

3000 

3000 

197 

4643 

575 

24431 

1495 

6319 

12 

2160 


131 

6 

100 

6000 

2000 

2563 

112 


8856 

600 

3144 

6 

299 


132 

6 

100 

6000 

3000 

197 

2054 

108 

9175 

536 

3133 

6 

236 


133 

9 

100 

6000 

2000 

3837 

300 


15631 

1219 

4712 

9 

535 


134 

9 

100 

6000 

3000 

197 

3150 

300 

15163 

977 

4692 

9 

420 


135 

12 

100 

6000 

2000 

5132 

519 


23550 

2071 

6286 

12 

925 


136 

12 

100 

6000 

3000 

197 

4238 

5i2 

21519 

1495 

6255 

12 

621 


137 

6 

300 

3000 

2000 

3573 

294 


17228 

954 

3250 

6 

2210 


138 

6 

300 

3000 

3000 

98 

2987 

187 

17579 

735 

3218 

6 

1725 


139 

9 

300 

3000 

2000 

4613 

495 


26789 

2104 

4791 

9 

1005 

28 

140 

9 

300 

3000 

3000 

98 

3931 

443 

25276 

1490 

4764 

9 

881 

26 

141 

12 

300 

3000 

2000 

6330 

789 


40305 

3619 

6383 

12 

1560 

38 

142 

12 

300 

3000 

3000 

98 

5329 

72i 

35623 

2408 

6331 

12 

1144 

36 

143 

6 

300 

6000 

2000 

3142 

245 


15488 

969 

3186 

6 

780 


144 

6 

300 

6000 

3000 

98 

2605 

195 

15460 

750 

3166 

6 

574 


145 

9 

300 

6000 

2000 

4829 

490 


27509 

2119 

4780 

9 

1452 


146 

9 

300 

6000 

3000 

98 

4026 

439 

26151 

1498 

4747 

9 

1122 


147 

12 

300 

6000 

2000 

6581 

795 


41752 

3639 

6377 

12 

2252 


148 

12 

300 

6000 

3000 

98 

5486 

740 

38204 

2454 

6326 

12 

1679 
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Table 155. — Beam and Girder Quantities — 18 ft. by 18 ft. Interior 

Panel. 

Total Quantities for One Panel from Footing to Roof. 


Item 

No. 

Num- 
ber of 
Stories 

Live 
Load, 
lb. per 
sq. ft. 

Soil 
Load, 
lb. per 
sq. ft. 

Con- 
crete, 
lb. per 
sq. in. 

Concrete 

Reinforcing Steel 

Wood 
Forms, 
sq. ft. 

Hand 
Excava- 
tion, 
cu. ft. 

2000-lb., 
cu. ft. 

3000-lb., 
cu. ft. 

5000-lb., 
cu. ft. 

Bars, 

lb. 

Spiral, 

lb. 

101 

6 

100 

3000 

2000 

1096 

87 


5773 

856 

3276 

255 

102 

6 

100 

3000 

3000 

75 

939 

62 

5069 

660 

3296 

202 

103 

9 

100 

3000 

2000 

1637 

212 


9605 

1423 

4963 

484 

104 

9 

100 

3000 

3000 

75 

1426 

188 

8128 

1019 

4992 

356 

105 

12 

100 

3000 

2000 

2197 

388 


14214 

2112 

6685 

844 

106 

12 

100 

3000 

3000 

75 

1929 

343 

11508 

1439 

6722 

664 

107 

6 

100 

6000 

2000 

1022 

87 


5559 

856 

3263 

115 

103 

6 

100 

6000 

3000 

75 

884 

62 

4811 

660 

3286 

98 

109 

9 

100 

6000 

2000 

1510 

216 


9200 

1423 

4943 

206 

110 

9 

100 

6000 

3000 

75 

1331 

188 

7505 

1019 

4977 

171 

111 

12 

100 

6000 

2000 

2008 

372 


13591 

2112 

6652 

304 

112 

12 

100 

6000 

3000 

75 

1759 

343 

10639 

1473 

6695 

236 

113 

6 

300 

3000 

2000 

1502 

179 


10231 

1688 

3732 

845 

114 

6 

300 

3000 

3000 

50 

1268 

159 

8517 

1326 

3760 

660 

115 

9 

300 

3000 

2000 

2353 

381 


18030 

2977 

5705 

1594 

116 

9 

300 

3000 

3000 

50 

1991 

340 

14570 

2242 

5751 

1250 

117 

12 

300 

3000 

2000 

3228 

635 


27157 

4499 

7719 

2500 

118 

12 

300 

3000 

3000 

50 

2761 

568 

22033 

3365 

7763 

2000 

119 

6 

300 

6000 

2000 

1308 

163 


9535 

1688 

3699 

294 

120 

6 

300 

6000 

3000 

50 

1117 

159 

7604 

1326 

3735 

242 

121 

9 

300 

6000 

2000 

2008 

353 


16760 

2977 

5662 

613 

122 

9 

300 

6000 

3000 

50 

1725 

345 

12991 

2242 

5709 

421 

123 

12 

300 

6000 

2000 

2728 

602 


25204 

4499 

7672 

1045 

124 

12 

300 

6000 

3000 

50 

2338 

577 

19516 

3365 

7704 

651 
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Table 156 . — Beam and Girder Quantities — 22 ft. 6 in. by 22 ft. 6 in. 

Interior Panel. 

Total Quantities for One Panel from Footing to Roof. 


Item 

No. 

Num- 
ber of 
Sto- 
ries 

Live 
Load, 
lb. per 
sq. ft. 

Soil 
Load, 
lb. per 
sq. ft. 

Con- 
crete, 
lb. per 
sq. in. 

Concrete 

Reinforcing 

Steel 

Wood 
Forms, 
sq. ft. 

Hand 
Exca- 
tion, 
cu. ft. 

Num- 
ber of 
Con- 
crete 
Piles 

2000- 
lb., 
cu. ft. 

3000- 
lb., 
cu. ft. 

5000- 

lb 

cu. ft. 

Bars, 

lb. 

Spiral, 

lb. 

125 

6 

100 

3000 

2000 

1860 

144 


10024 

1369 

5303 

574 


126 

6 

100 

3000 

3000 

114 

1564 

93 

9070 

1037 

5343 

435 


127 

9 

100 

3000 

2000 

2829 

339 


17012 

2363 

8038 

1120 


128 

9 

100 

3000 

3000 

114 

2383 

275 

14379 

1667 

8081 

832 


129 

12 

100 

3000 

2000 

3816 

590 


25068 

3547 

10815 

1810 


130 

12 

100 

3000 

3000 

114 

3234 

505 

20615 

2406 

10872 

1372 


131 

6 

100 

6000 

2000 

1725 

135 


9595 

1369 

5279 

230 


132 

6 

100 

6000 

3000 

114 

1455 

93 

8467 

1037 

5314 

184 


133 

9 

100 

6000 

2000 

2566 

318 


16073 

2363 

8000 

388 


134 

9 

100 

6000 

3000 

114 

2187 

275 

13303 

1667 

8048 

305 


135 

12 

100 

6000 

2000 

3442 

550 


23685 

3547 

10764 

614 


136 

12 

100 

6000 

3000 

114 

2934 

505 

18979 

2406 

10845 

452 


137 

6 

300 

3000 

2000 

2548 

276 


19180 

2796 

5672 

1793 


138 

6 

300 

3000 

3000 

78 

2265 

198 

17113 

2278 

5708 

1431 


139 

9 

300 

3000 

2000 

3343 

558 


30267 

4954 

8711 

953 

25 

140 

9 

300 

3000 

3000 

78 

3092 

455 

25030 

3907 

8766 

866 

24 

141 

12 

300 

3000 

2000 

4516 

1100 


45134 

7475 

11820 

1798 

33 

142 

12 

300 

3000 

3000 

78 

4248 

8i6 

36483 

5676 

11882 
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INTRODUCTION. 

These regulations have been prepared for use as part of a general 
building code. When so used, it is necessary that the following definitions, 
which give the meaning of certain terms as used in the regulations, become 
a part of the code. They should appear either in a general chapter in the 
code relating to definitions or in a chapter by themselves preceding these 
regulations for the use of reinforced concrete: 

Definitions. 

Aggregate. — Inert material which is mixed with portland cement and 
water to produce concrete; in general, aggregate consists of sand, pebbles, 
gravel, crushed stone, blast-furnace slag, or similar materials. 

Anchorage. — The embedment in concrete of a portion of a reinforce- 
ment bar, either straight or with hooks, designed to prevent pulling out 
or slipping of the bar when subjected to stress. (The anchorage of tension 
reinforcement in beams includes only the embedded length beyond a point 
of contra-flexure or of zero moment.) 

Blast-Furnace Slag. — The non-metallic product, consisting essentially 
of silicates and alumino-silicates of lime, which is developed simultaneously 
with iron in a blast furnace. 

Column. — An upright compression member the length of which exceeds 
three times its least lateral dimension. 

Column Capital. — An enlargement of the upper end of a reinforced- 
concrete column designed and built to act as a unit with the column and 
flat slab. 

Column Strip. — A portion of a flat slab panel one-half panel in width 
occupying the two quarter-panel areas outside of the middle strip. (See 
Middle Strip.) 

Add also definition as follows: 

Combination Column. — A column in which a structural steel section, 
designed to carry the principal part of the load, is wrapped with wire and 
encased in concrete of such quality that some additional load may be 
allowed. 

Composite Column. — A column in which a concrete core enclosed by 
spiral reinforcement and further reinforced by longitudinal bars encases a 
structural steel or cast iron column designed to carry a portion of the load. 

Concrete. — A mixture of portland cement, fine aggregate, coarse aggre- 
gate and water. (See Mortar.) 

Consistency. — A general term used to designate the relative plasticity 
of freshly mixed concrete or mortar. 

Crushed Stone. — Bedded rock or boulders, which have been broken by 
mechanical means into fragments of varying shapes and sizes. 

Dead-Load. — The weight of the permanent parts of the structure. 
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Deformed Bar. Reinforcement bars with closely spaced shoulders, lugs 
or projections formed integrally with the bar during rolling so as to firmly 
engage the surrounding concrete. Wire mesh with welded intersections not 
farther apart than twelve inches in the direction of the principal reinforcing 
and with cross wires not smaller than No. 10 may be rated as a deformed 

Diagonal Band.— In a four-way fiat slab system a. group of bars cover- 
ing a width approximately 0.4 the average span, symmetrical with respect 
to the diagonal running from corner to corner of the panel. 

Diagonal Direction.- X direction parallel or approximately parallel 
to the diagonal of the panel of a flat slab. * 1 

Direct Band.— In a four-way flat slab system, a group of bars covering 
a width approximately 0.4 1„ symmetrical with respect to the line of centers 
or supporting columns. 

Dropped Panel.— The structural portion of a flat slab which is thick- 
ened throughout an area surrounding the column capital. 

Effective Area of Concrete.- The area of a section which lies between 
the centroid of the tension reinforcement and the compression surface in a 
beam or slab, and having a width equal to the width of the rectangular 
beam or slab, or the effective width of the flange of a Tee beam. 

Effective Area of Reinforcement.- The area obtained by multiplying 
the right cross-sectional area of the metal reinforcement by the cosine 
of the angle between its direction and that for which the effectiveness of 
the reinforcement is to be determined. 

Flat Slab.- A rein forced-concrete slab generally without beams or 
girders to transfer the loads to supporting members. 

Footing -A structural unit used to distribute wall or column loads 
to the foundation materials. 

Gravel. Rounded particles larger than sand grains resulting from the 
natural disintegration of rocks. (See Sand.) 

Laitance. Extremely fine material of little or no hardness which may 
collect on the surface of freshly deposited concrete or mortar, resulting 

light color* 186 ° f 6X6688 miXmg "’ ater ’ usmal 'y recognized by its relatively 

Live-Load. — Loads and forces other than the dead-load. 

Middle Strip.— A portion of a flat slab panel one-half panel in width 
symmetrical with respect to the panel center line and extending through 
the panel in the direction in which moments are being considered 

Mortar.— A mixture of portland cement, fine aggregate, and water. 
(See Concrete.) 

Negative Bending Moment.- That moment which exists between a sup- 
port of a slab or beam and the point of inflection on either side of the 
support. 

Negative Reinforcement.— Reinforcement so placed as to take tensile 
stress due to negative bending moment. 
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Paneled Ceiling. — A paneled ceiling refers to a flat slab in which ap- 
proximately that portion of the area enclosed within the intersection of 
the two middle strips is reduced in thickness. 

Panel Length. — The distance in either rectangular direction between 
centers of two columns of a panel. 

Pedestal.- — An upright compression member whose height does not ex- 
ceed three times its least lateral dimension. 

Pedestal Footing. — A column footing projecting less than one-half its 
depth from the faces of the column on all sides and having a depth not 
more than three times its least width. 

Plain Concrete. — Concrete without metal reinforcement. 

Portland Cement. — The product obtained by finely pulverizing clinker 
produced by calcining to incipient fusion an intimate and properly pro- 
portioned mixture of argillaceous and calcareous materials, w T ith no addi- 
tions subsequent to calcination excepting w T ater and calcined or uncalcined 
gypsum. 

Positive Bending Moment. — That moment which exists at all other 
points in beams or slabs except wdiere negative moment exists. 

Positive Reinforcement. — Reinforcement so placed as to take tensile 
stress due to positive bending moment. 

Principal Design Section. — The vertical sections in a flat slab on w r hich 
the moments in the rectangular directions are critical. (See Sec. 1002.) 

Ratio of Reinforcement. — The ratio of the effective area of the rein- 
forcement cut by a section of a beam or slab to the effective area of the 
concrete at that section. 

Rectangular Direction. — A direction parallel to a side of the panel 
of a flat slab. 

Reinforced Concrete. — Concrete in which metal is embedded in such a 
manner that the two materials act together in resisting forces. 

Sand. — Small grains resulting from the natural disintegration of 
rocks. (See Gravel.) 

Screen. — A metal plate with closely spaced circular perforations. (See 
Sieve.) 

Sieve. — Woven wire cloth with square openings. (See Screen.) 

Strut. — A compression member other than a column or pedestal. 

Surface Water. — By the term “surface water’ ’is meant all water car- 
ried by the aggregate except that held within the aggregate particles them- 
selves by absorption. 

Wall Beam. — A reinforced-concrete beam which extends from column 
to column along the outer edge of a w r all panel. 

Water-Cement Ratio. — By the water-cement ratio is meant the total 
quantity of water entering the mixture including the surface water carried 
by the aggregate, expressed in terms of the quantity of cement. The water- 
cement ratio shall be expressed in U. S. gallons per sack (94 lb.) of cement. 


Tentative Building Regulations for Reinforced Concrete.* 


CHAPTER 1. 

General. 

101: S cope: 

(a) These regulations cover the use of reinforced concrete in any 
structure to be erected under the provisions of the building code of which 
they form a part. They are intended to supplement the general provisions 
of the code in order to provide for the proper design and construction of 
structures of this material. In all matters pertaining to the design and 
construction where these specific regulations are in conflict with other pro- 
visions of the code, these regulations shall govern. 

102: Permits and Drawings: 

(a) Drawings and typical details of all reinforced-concrete construc- 
tion showing the sizes and position of all structural members, metal rein- 
forcement, and the live-load used in the design shall be filed with the 
department as a permanent record before a permit to construct such work 
shall be issued. All calculations made may be required by the department 
to be submitted with the drawings. 

103: Special Systems of Reinforced Concrete : 

(a) The sponsors of any system of reinforced concrete which has been 
in successful use, or the adequacy of which has been shown by test, and the 
design of which is either in conflict with these provisions or not covered 
by them, shall have the right to present the data on which their design is 
based to a “Board of Examiners for Special Construction.” This Board 
shall be composed of competent engineers, architects and builders. The 
Board shall have the power to investigate the data so submitted and' to 
formulate rulings governing the design and construction of such systems, 
which ruling shall be of the same force and effect as the provisions of this 
code. This Board is to be designated as provided elsewhere in the code. 


CHAPTER 2. 

Materials and Tests. 

201: Tests: 

(a) The tests called for in these regulations when ordered in accord- 
ance with the provisions of this chapter by the commissioner of buildings 
or his authorized representatives shall be arranged for by the owner or his 
representative. No responsibility for the expense of these tests shall attach 
to the department of buildings. Such tests shall be made in accordance 
with the standard method of test covering the particular material under 
consideration, of the American Society for Testing Materials in effect on 
the date of the adoption of these regulations, except as noted herein. 

(b) All such tests shall be made by competent persons. The com- 


* The report of Committee E-l, Reinforced-Concrete Building Design and 
Specifications, carrying proposed building regulations for reinforced concrete is 
here published as amended on the floor of the convention, Feb. 29, 1928 As 
forced G Con cr e t e ^E^l A-2 8T op * ed as Tentative Building Regulations for Rein- 
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petency of the persons making the tests shall be judged by their training 
and experience. The commissioner of buildings may disapprove for just 
cause those whose records show technical incompetency. Copies of the 
results of all tests shall be kept on file in the office of the comjnissioner 
of buildings for a period of two years after the acceptance of the structure. 
Tests shall be made on any material entering into concrete or reinforced- 
concrete construction when there is reasonable doubt as to its suitability 
for the purpose. 

(c) The commissioner of buildings or his authorized representative 
shall have the right to require reasonable tests of the concrete from time 
to time to determine whether the materials and methods in use are such 
as to produce concrete of the necessary quality. Specimens for such tests 
shall be taken at the place where concrete is being deposited, and shall be 
taken, cured, and tested in accordance with the “Standard Method of Mak- 
ing Compression Tests of Concrete” (Serial Designation: C 39-27) of the 
American Society for Testing Materials. 

202: Load Tests: 

(a) The commissioner of buildings or his authorized representative 
shall have the right to order the test under load of any portion of a com- 
pleted structure, when the conditions have been such as to leave reasonable 
doubt as to the adequacy of the structure to serve the purpose for which 
it was intended. Such tests shall not be required to be made on any con- 
crete construction which is less than 60 days old. 

(b) In such tests, the member or portion of the structure under con- 
sideration shall be subject to a superimposed load equal to one and one-half 
times the live load plus one-half of the dead load. This load shall be left in 
position for a period of twenty-four hours before removal. If, during the 
test, or upon removal of the load, the member or portion of structure shows 
evident failure, such changes or modifications as are necessary to make the 
structure adequate for the rated capacity shall be made, or where lawful, a 
lower rating shall be established. The structure will be considered to have 
failed to pass the test if within twenty-four hours after the removal of the 
load the slabs or beams do not show a recovery of at least 75 per cent of 
the maximum deflection shown during the twenty-four hours while under 
load. 

203 : Inspection : 

(a) All concrete work shall be inspected by the architect or engineer 
responsible for its design or by a competent representative responsible 
to the architect or the engineer. A record shall be kept of such inspection 
which shall cover the quality and quantity of concrete materials, including 
water, the mixing and placing of the concrete, and the placing of the 
reinforcing steel. The inspection record shall also include a complete 
record of the progress of the work and of the temperatures, when these 
fall below 40 deg. F., and of the protection given to the concrete while 
curing. These records shall be available for inspection by the commis- 
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sioner of buildings at all times during the progress of the work and shall 
be preserved for two (2) years after the acceptance of the structure. 

204 : Portland Cement : 

(a) Portland cement shall conform to the “Standard Specifications 
and Tests for Portland Cement” (Serial Designation: C9-26) of the 

American Society for Testing Materials. 

205: Concrete Aggregates : 

(a) Concrete aggregates shall consist of natural sands and gravels, 
crushed rock, crushed air-cooled blast-furnace slag, or other inert mate- 
rials having clean, uncoated grains of strong and durable minerals. Ag- 
gregates containing soft, friable, thin, flaky, elongated, or laminated 
particles totaling more than 3 per cent, or containing shale in excess of 
iy 2 per cent, or silt and crusher dust finer than the No. 100 standard 
sieve in excess of 2 per cent shall not be used. These percentages shall be 
based on the weight of the combined aggregate as used in the concrete. 
When all three groups of these deleterious materials are present in the 
aggregates, the combined amounts shall not exceed 5 per cent by weight 
of the combined aggregate. 

(b) Aggregates shall not contain strong alkali or organic material 
which gives a color darker than the standard color when tested in accord- 
ance with the “Standard Method of Test for Organic Impurities in Sands 
for Concrete” (Serial Designation: C 40-27) of the American Society for 
Testing Materials. 

(c) The maximum size of the aggregate shall be not larger than 
one-fifth of the narrowest dimension between forms of the member for 
which the concrete is to be used nor larger than three-fourths of the 
minimum clear spacing between reinforcing bars. By maximum size of 
aggregate is meant the clear space between the sides of the smallest square 
opening through which 95 per cent by weight of the material can be passed. 

206: Water: 

(a) Water used in mixing concrete shall be clean, and free from 
strong acids, alkalis, or organic materials. 

207: Metal Reinforcement: 

(a) Metal reinforcement shall conform to the requirements of the 
“Standard Specifications for Billet-Steel Concrete Reinforcement Bars” of 
Intermediate Grade 1 (Serial Designation: A 15-14), or for “Rail-Steel 
Concrete Reinforcement Bars” (Serial Designation: A 16-14) of the Amer- 
ican Society for Testing Materials. The provision in these specifications 
for machining deformed bars before testing shall be eliminated. 


/xr recommendation is in accordance with “Commercial Standard No. 1 

let '^ e ® 1 Concrete Reinforcing Bars)” of the U. S. Department of 
MiSflSS' ® stabllshe s the intermediate grade as the single standard for 

reinforcement. Until such time as existing stocks of structural and 
hard-grade billet-steel reinforcement, meeting the requirements of A. S. T M 

ta theS6 gradeS may be USed with the unit 
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(b) Wire for concrete reinforcement shall conform to the require- 

ments of the “Standard Specifications for Cold-Drawn Steel Wire for Con- 
crete Reinforcement” (Serial Designation: A 82-27) of the American 

Society for Testing Materials. 

(c) Structural steel shall conform to the requirements of the 
“Standard Specifications for Structural Steel for Buildings” (Serial Desig- 
nation: A9-24) of the American Society for Testing Materials. 

(d) Cast-iron sections for composite or combination columns shall con- 

form to “Standard Specifications for Cast-Iron Pipe and Special Castings” 
(Serial Designation: A44-04) of the American Society for Testing 

Materials. 

208: Storage of Materials: 

(a) Cement and aggregates shall be stored at the work in a manner 
to prevent deterioration or the intrusion of foreign matter. Any material 
which has deteriorated or has been damaged shall be immediately and 
completely removed from the work. 


CHAPTER 3. 

Concrete Quality and Working Stresses. 

301: Concrete Quality: 

(a) The working stresses for the design of reinforced-concrete struc- 
tures shall be based upon the minimum ultimate 28-day strength of the 
concrete to be used in the structure in accordance with the values given 
in Sec. 306. All plans submitted for approval or used on the work shall 
clearly show the strength of concrete for which all parts of the structure 
were designed. The strength of concrete shall be fixed in terms of the 
water-cement ratio in accordance with one of the following methods: 

( 1 ) By established results for average materials, 

as provided in Sec. 302. 

(2) By specific test of materials for the struc- 

ture, as provided in Sec. 303. 

(b) By the water-cement ratio is meant the total quantity of water 
entering the mixture including the surface water carried by the aggregate, 
expressed in terms of the quantity of cement. The water-cement ratio 
shall be expressed in U. S. gallons per sack (94 lb.) of cement. 

302: Water-Cement Ratio for Average Materials: 

(a) Where no preliminary tests of the materials to be used are made, 
the water-cement ratios shall not exceed the values in the following table. 
The mixes shown in the table are approximate only, and may require 
adjustment to give proper workability. 
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ASSUMED STRENGTH OF CONCRETE MIXTURES 


Approximate Mix 


Water-Cement 
Ratio U. S. 
gallons per 94-lb. 
sack of cement 


Volume of 

Portland Cement to Sum 
of Separate Volumes 
of Fine and Coarse 
Aggregate as Measured Dry 
Plastic Concrete 


Assumed Compressive 
Strength at 28 days in 
pounds per square inch 


8% 

1:7 

1,500 

7% 

1: 6 

2,000 

6% 

1 : 5 % 

2,500 

6 

1:4% 

3,000 

Moderately Wet Concrete 

8% 

1:6% 

1,500 

TV, 

1:5% 

2,000 

6 % 

1:4% 

2,500 

6 

1: 4 

3,000 


Note : In interpreting 
must be included as part of 


this table, surface 
the mixing water in 


water contained in the aggregate 
computing the water-cement ratio. 


(b) During the progress of the work, a reasonable number of com- 
pression tests shall be made as may be required by the commissioner of 
buildings, but at least one specimen shall be tested for each 100 cu. yd. 
of concrete being placed. The tests shall be made in accordance with 
provisions of Sec. 304. Should the average 28-day strength fall below the 
minimum ultimate strength called for on the plans, the commissioner 
of buildings shall have the right to require a load test under the pro- 
visions of Sec. 202. 


303: Water-Cement Ratio ly Tests of Materials: 

(a) Where the water-cement ratios for the various strengths of con- 
erete are to be established by test, these tests shall be made in advance 
of the beginning of operations using the materials proposed and con- 
sistencies suitable for the work and in accordance with the “Standard 
Method of Making Compression Tests of Concrete” (Serial Designation 
C 39-27) of the American Society for Testing Materials, including the 
provisions for curing in a moist room at 70 deg. F. and testing wet. A 
cune representing the relation between the average 28-day strength of the 
concrete and water-cement ratio shall be established for a range of values 
including all of the strengths called for in the plans. The tests shall in- 
clude at least four different water-cement ratios and at least four speci- 
mens for each water-cement ratio. The water-cement ratio to be used in 
the structure shall be that corresponding to a point on the curve estab- 
lished by these tests representing a strength of concrete 15 per cent higher 
than the minimum ultimate strength called for on the plans and satis- 
factory evidence shall be submitted to show that these water-cement ratios 
are not exceeded. No substitution shall be made in the materials being 
used on the work without additional tests in accordance, herewith, to show 
the new water-cement ratios to be used. 
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(b) During the progress of the work, a reasonable number of addi- 
tional 28-day compression tests may be required by the Commissioner of 
Buildings, but at least one specimen shall be tested for each 50 cubic yards 
of concrete of any one strength, and not less than two specimens of each 
strength of concrete for any one day’s operation. Such tests shall be 
made in accordance with the provisions of Section 304. Should the average 
strengths of the control cylinders shown by these tests for any portion of 
the structure fall below the minimum ultimate 28-day strengths called for 
on the plans, the Commissioner of Buildings shall have the right to order 
a change in the mix or the water-cement ratios for the remaining portion 
of the structure and to require load tests as specified in Section 202 on the 
portions of the building affected. Should the average strengths shown by 
the cylinders cured on the job and tested subsequent to 28 days fall below 
the required strength, the Commissioner of Buildings shall have the right 
to require conditions of temperature and moisture necessary to secure the 
required strength. 

304: Field Tests of Concrete: 

(a) Field tests of concrete, when required, shall be made in accord- 
ance with the “Standard Method of Making Compression Tests of Con- 
crete” (Serial Designation C 39-27) of the American Society for Testing 
Materials with the following exceptions: 

( 1 ) Two sets of samples of concrete for test specimens shall be taken 
as the concrete is being delivered at the point of deposit, care being taken to 
obtain a sample representative of the entire batch. 

(2) One set designated as control cylinders shall be placed under 
moist curing conditions at approximately 70 deg. F. within 24 hours after 
molding and maintained therein until tested. 

(3) The second set, designated as job cylinders, shall be kept as near 
to the point of sampling as possible and yet receive the same protection 
from the elements as is given to the portions of the structure being placed. 
Specimens shall be kept from injury while on the work. They shall be 
sent to the laboratory not more than 7 days prior to the time of test 
and while in the laboratory shall be kept in the ordinary air at a tem- 
perature of approximately 70 deg. F. 

(b) All specimens and tests shall be made by a properly qualified 
person or testing laboratory, who shall furnish the commissioner of build- 
ings with a report, certified in the presence of a notary public, showing 
the results of tests and stating that they were made in accordance with 
the provisions of this code. 

305: Concrete Proportions and Consistency : 

(a) The proportions of aggregates to cement for concrete of any 
water-cement ratio shall be such as to produce concrete that will work 
readily into the corners and angles of the form and around the reinforce- 
ment without excessive puddling or spading and without permitting the 
materials to segregate or free water to collect on the surface. The com- 
bined aggregate shall be of such composition of sizes that when separated 
by the No. 4 standard sieve, the weight retained on the sieve shall not 


214 


Reinforced-Concrete Building Regulations. 


be less than one-third nor more than two-thirds of the total nor shall 
the amount of coarse material be such as to produce harshness in placing 
or honeycombing in the structure. When forms are removed, the faces 
and corners of the members shall show smooth and sound throughout. 

(b) The methods of measuring concrete materials shall be such that 
the proportion of water to cement can be accurately controlled during 
the progress of the work and easily checked at any time by the commis- 
sioner of buildings or his authorized representative. 

306: Allowable Unit Stresses in Concrete: 

(a ) The unit stresses in pounds per square inch on the concrete to be 
used in the design shall not exceed the following values, where f equals 
the minimum ultimate strength at 28 days. C 


DESCRIPTION 


Flexure: fc. 

Extreme fiber stress in compression (fc) 

Extreme fiber stress in compression adjacent to supports of 
continuous or fixed beams or of rigid frames (fc). 

Shear: v. 

Beams with no web reinforcement and without special 

anchorage of longitudinal steel ( vc ) 

Beams with no web reinforcement, but with special anchor- 
age of longitudinal steel (vc) 

Beams with properly designed web reinforcement, but with- 
out special anchorage of longitudinal steel («) 

Beams with properly designed web reinforcement and with 

special anchorage of longitudinal steel (v) 

For conditions determining the use of greater shear values 
see Sec. 903(e). 

Flat slabs at distance d from edge of column cap or drop 

panel (»<•) 

Footings where longitudinal bars have no special anchor- 
age (vc) 

Footings where longitudinal bars have special anchorage (» c ) 
Bond: u. 

In beams and slabs and one-way footings: 

Plain bars (u) 

Deformed bars ( u ) 

In two-way footings: 

Plain bars (u) 

Deformed bars (u) 

(Where special anchorage is provided (see Sec. 903)’ 
double these values in bond may be used.) 

Bearing : fc. 

Where a concrete member has an area at least twice the area 
in bearing (fc) 

Axial Compression: fc. 

In columns with lateral ties (fc) 

In columns with continuous spirals enclosing a circular core- 1 
p = 0.01 


Allowable Unit Stresses 


Ratio of longitudinal reinforcement 


0 . 02 . 

0.03. 

0.04. 

0.05. 

0.06. 


(Spiral reinforcement not to be less than the longi- 
tudinal.) 


For any 
Strength of 
Concrete as 
Fixed by Test 
in Accordance 
with Sec. 303 
30000 
n = — p7— 

I c 

When Strength of Concrete 
is Fixed by the Water- 
Cement Ratio in 
Accordance with Sec. 302 

f'c = 
2000 lb. 
n = 15 

fc = 
2500 lb. 
n = 12 

f'c = 
3000 lb. 
n = 10 

0.40f'c 

800 

1000 

1200 

0.45f' c 

900 

1125 

1350 

0.02f' c 

40 

50 

60 

0.03f'c 

60 

75 

90 

0.06f'c 

120 

150 

180 

0.09f' c 

180 

225 

270 

0.03f' c 

60 

75 

90 

0.02f'c 

40 

50 

60 

0.03f'c 

60 

75 

90 

0.04f' c 

80 

100 

120 

0.05f'c 

100 

125 

150 

0.03 i'c 

60 

75 

90 

0.0375f'c 

75 

94 

112 

0.25f'c 

500 

625 

750 

0.225f'c 

450 

563 

675 

300 +0.14f' c 

580 

650 

720 

300 +0.18f' c 

660 

750 

840 

300 + 0.22f'c 

740 

850 

960 

300 + 0.26f' c 

820 

950 

1080 

300 + 0.30f'c 

900 

1050 

1200 

300 + 0.34f'c 

980 

1150 

1320 


1 Unit stress in spirally reinforced columns = [300 + (0.10 + 4p)f' c ]. 
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307: Allowable Unit Stresses in Reinforcement: 

(a) The following unit stresses in reinforcing steel shall not be 
exceeded : 

Tension : 

Intermediate grade billet steel 1 (/.) =20,000 lb. per sq. in. 

Rail steel bars (f.) = 20,000 lb. per sq. in. 

Web reinforcement (/v) = 16,000 lb. per sq. in. 

Structural steel shapes (/ s ) = 18,000 lb. per sq. in. 

Other steel reinforcement 50 per cent of the 

yield point stress, but not to exceed . ... {fa) = 20,000 lb. per sq. in. 

Compression : 

Bars n f c 

Structural Steel section in composite columns 15,000 lb. per sq. in. 

Cast Iron section in composite columns 9,000 lb. per sq. in. 

See Section 1106 for stresses in structural steel and cast iron 
not encased in concrete. 

Structural Steel section in combination column, see Section 1107. 


CHAPTER 4. 


Mixing and Placing Concrete. 


401: Removal of Water from Excavation: 

(a) Water shall be removed from excavations before concrete is 
deposited, unless otherwise directed by the commissioner of buildings. Any 
flow of water into the excavation shall be diverted through proper side 
drains to a sump, or be removed by other approved methods which will 
avoid washing the freshly deposited concrete. Water vent pipes and drains 
shall be filled by grouting or otherwise, after the concrete has thoroughly 
hardened. 

402: Cleaning Forms and Equipment: 

(a) Before placing concrete, all equipment for mixing and transport- 
ing the concrete shall be cleaned, all debris and ice shall be removed from 
the places to be occupied by the concrete, forms shall be thoroughly wetted 
(except in freezing weather) or oiled, and clay or cement tile that will be 
in contact with concrete shall be well drenched (except in freezing 
weather). Reinforcement shall be thoroughly cleaned of ice or other 
coatings. 

403 : Inspection : 

(a) Concrete shall not be placed until the forms and reinforcement 
have been inspected by the architect or engineer responsible for the design 
or his authorized representative. 


1 Until existing stocks of structural and hard grades of billet-steel rein 
forcement are exhausted, these grades, if conforming to the provision of Sec. 20 , 
may be used with the following unit stresses : 

Structural Grade (/„) = 18,000 lb. per sq. in. 

Hard Grade ! . . ! ! . i ! . ! </!> = 20,000 lb. per sq. in. 
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404 : Mixing : 

(a) The concrete shall be mixed until there is a uniform distribution 
of the materials and the mass is uniform in color and homogeneous. The 
mixer shall be of such type as to insure the maintaining of the correct pro- 
portions of the ingredients. The mixing shall continue for at least one 
minute after all the ingredients are in the mixer. 

405 : Transporting : 

(a) Concrete shall be handled from the mixer to the place of final 
deposit as rapidly as practicable by methods which will prevent the sepa- 
ration or loss of the ingredients. It shall be deposited as nearly as prac- 
ticable in its final position to avoid rehandling or flowing. Under no 
circumstances shall concrete that has partially hardened be deposited in 
the work. 

(b) When concrete is conveyed by chuting, the plant shall be of such 
size and design as to insure a practically continuous flow in the chute. 
I he slope of the chute shall be such as to allow the concrete to flow with- 
out separation of the ingredients. The delivery end of the chute shall be 
as close as possible to the point of deposit. When the operation is inter- 
mittent, the spout shall discharge into a hopper. The chute shall be thor- 
oughly flushed with water before and after each run; the water used for 
this purpose shall be discharged outside the forms. 

406: Placing: 

(a) When concreting is once started, it shall be carried on as a con- 
tinuous operation until the placing of the section or panel is completed. 
Where construction joints are necessary, they shall be made in accordance 
with Sec. 507. 

(b) Concrete shall be thoroughly compacted by puddling with suit- 
able tools during the operation of placing, and thoroughly worked around 
the reinforcement, around embedded fixtures, and into the corners of the 
forms. 

(c) Where conditions make puddling difficult, or where the rein- 
forcement is congested, batches of mortar containing the same proportion 
of cement to sand used in the concrete, shall first be deposited in the 
forms and the operation of filling with the regularly specified mix be car- 
ried on at such a rate that the mix is at all times plastic and flows readily 
into the spaces between the bars. 

(d) A record shall be kept on the work of the time and date of plac- 
ing the concrete in each portion of the structure. Such record shall be 
kept until the completion of the structure and shall be open to the inspec- 
tion of the commissioner of buildings. 

407 : Curing : 

(a) Exposed surfaces of concrete shall be kept moist for a period of 
at least 7 days after being deposited. In hot weather, exposed concrete 
shall be thoroughly wetted twice daily during the first week. 
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408: Depositing in Cold Weather: 

(a) When depositing concrete at freezing or near freezing tempera- 
tures, the concrete shall have a temperature of at least 50 deg. F., but not 
more than 120 deg. F. The concrete shall be maintained at a temperature 
of at least 50 deg. F. for not less than 72 hours after placing or until the 
concrete has thoroughly hardened. When necessary, concrete materials 
shall be heated before mixing. Dependence shall not be placed on salt or 
other chemicals for the prevention of freezing. No frozen materials or 
materials containing ice shall be used. Manure shall not be applied 
directly to concrete when used for protection. 

CHAPTER 5. 

Forms and Details of Construction. 

501: Design of Forms: 

(a) Forms shall conform to the shape, lines, and dimensions of the 
member as called for on the plans. They shall be substantial and suffi- 
ciently tight to prevent leakage of mortar; they shall be properly braced 
or tied together so as to maintain position and shape and insure safety 
to workmen and passersby. Temporary openings shall be provided where 
necessary, to facilitate cleaning and inspection immediately before deposit- 
ing concrete. 

502 : Removal of Forms : 

(a) The removal of forms shall be carried out in such a manner as 
to insure the complete safety of the structure. Where the structure as a 
whole is supported on shores, removable floor forms, beams and girder 
sides, column and similar vertical forms may be removed within 24 hours, 
providing the concrete has hardened sufficiently that it is not injured. In 
no case shall the supporting forms be disturbed until the concrete has 
hardened sufficiently to permit their removal with safety. Shoring shall 
not be removed until the member has acquired sufficient strength to sup- 
port safely its weight and the load upon it. 

503: Cleaning and Bending Reinforcement: 

(a) Metal reinforcement, before being placed, shall be free from rust 
scale or other coatings that will destroy or reduce the bond. Reinforce- 
ment shall be formed to the dimensions indicated on the plans. Cold bends 
shall be made around a pin having a diameter of four or more times the 
least dimension of the bar. 

(b) Metal reinforcement shall not be bent or straightened in a man- 
ner that will injure the material. Bars with kinks or bends not shown on 
the plans shall not be used. Heating of reinforcement for bending will 
not be permitted. 

504 : Placing Reinforcement : 

(a) Metal reinforcement shall be accurately placed and secured, and 
shall be supported by concrete or metal chairs or spacers, or metal hangers. 
The minimum center to center distance between parallel bars shall be 
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2 V 2 times the diameter for round bars or 3 times the side dimension for 
square bars; if the ends of bars are anchored as specified in Sec. 903, the 
center to center spacing may be made equal to 2 diameters for round bars 
or to 2 y 2 times the side dimension for square bars, but in no case shall 
the clear spacing between bars be less than 1 in., nor less than l 1 /, times 
the maximum size of the coarse aggregate. Bars at the upper face of any 
member shall be embedded a clear distance of not less than one diameter, 
nor less than 1 in. 

505: Splices and Offsets in F ein for cement : 

(a) In slabs, beams, and girders, splices of reinforcement shall not 
be made at points of maximum stress without the approval of the com- 
missioner* of buildings. Splices, where permitted, shall provide sufficient 
lap to transfer the stress between bars by bond and shear. In such splices, 
the bars shall be spaced at the minimum distance specified in Sec. 504. 

(b) Splices in column bars shall provide a lap of 24 diameters for 
deformed bars and 30 diameters for plain bars. 

(c) Where changes in the cross-section of a column occur, the longi- 
tudinal bars shall be sloped for the full length of the column or offset in 
a region where lateral support is afforded. Where offset, the slope of the 
inclined portion from the axis of the column shall not be more than 1 in 6. 

506: Protective Covering of Concrete: 

(a) At those surfaces of footings and other principal structural mem- 
bers in which the concrete is deposited directly against the ground, metal 
reinforcement shall have a minimum covering of 3 in. of concrete. At other 
surfaces of concrete exposed to the ground or weather, metal reinforcement 
shall be protected by not less than 2 in. of concrete. 

(b) In fire-resistive construction, metal reinforcement shall be pro- 
tected by not less than 1 in. of concrete in slabs and walls, and not less than 
1 V 2 in. in beams, girders, and columns, provided coarse aggregate is used, 
which is free from disruptive action under high temperatures, as, for exam- 
ple, limestone or trap rock; when impracticable to obtain aggregate of this 
grade, the protective covering shall be y 2 in. thicker and shall be reinforced 
with metal mesh having openings not exceeding 3 in. placed 1 in. from the 
finished surface. In similar structures where the fire hazard is limited, the 
metal reinforcement shall not be placed nearer the exposed surface than 
% in. in slabs and walls, or 1 in. in beams, girders, and columns. 

(c) Cement or gypsum plaster, % in. or more in thickness (on metal 
lath weighing not less than 2 y 2 lb. per sq. yd. when used vertically, nor 
less than 3 lb. per sq. yd. when used horizontally) may be substituted for 
a part of the protective covering of concrete, provided that only two-thirds 
of the thickness of the plaster be considered effective and the concrete pro- 
tection shall in no case be reduced to less than % in. 

(d) Exposed reinforcement bars intended for bonding with future ex- 
tensions shall be protected from corrosion. 


Reinforced-Concrete Building Regulations. 


219 


507: Construction Joints: 

(a) Joints not indicated on the plans shall be so made and located 
as to least impair the strength of the structure. Where a horizontal joint 
is to be made, any excess water and laitance shall be removed from the 
surface after concrete is deposited. Before depositing of concrete is re- 
sumed, the hardened surface shall be cleaned and roughened and all weak 
concrete removed. 

(b) At least 2 hours must elapse after depositing concrete in the 
columns or walls before depositing in beams, girders, or slabs supported 
thereon. Beams, girders, brackets, column capitals, and haunches shall be 
considered as part of the floor system and shall be placed monolithically 
therewith. 

(c) Construction joints in floors shall be located near the middle of 
spans of slabs, beams, or girders, unless a beam intersects a girder at this 
point, in which case the joints in the girders shall be offset a distance 
equal to twice the width of the beam. In this last case provision shall be 
made for shear by use of inclined reinforcement. 

CHAPTER 6. 

Design — General Considerations. 

601 : Assumptions : 

(a) The design of reinforced-concrete members under these specifica- 
tions shall be made with reference to working stresses and safe loads. The 
accepted theory of flexure as applied to reinforced concrete shall be applied 
to all members resisting bending involving the following assumptions: 

(1) The steel takes all tensile stress, 

(2) The ratio n of the modulus of elasticity of the steel to that 

of the concrete shall be taken as follows (applies also 
for compression members) : 

E a 30,000 

n “ l,000/' c ~~ f. 

002: Notation: 

(a) The symbols and notation used in these regulations are defined 
as follows: 

a — width of face of column or pedestal ; 

a angle between inclined web bars and axis of beam ; 

A = total area of top of pedestal, pier, or footing; 

A' = loaded area of pedestal, pier, or footing at the column base ; 

A c = area of core of spirally -hooped column measured to the outside 
diameter of the spiral; 

A g = gross area of tied columns with lateral ties ; 

A a — effective cross-sectional area of metal reinforcement in tension 
in beams or compression in columns; and the effective 
cross-sectional area of metal reinforcement which crosses 
any of the principal design sections of a flat slab and which 
meets the requirements of Sec. 1006, 1008, 1009, and 1010. 


te; te; 
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A y = total area of web reinforcement in tension within a distance 
of s (measured perpendicular to the direction of the web 
reinforcement bar), or the total area of all bars bent up in 
any one plane; 

6 = width of rectangular beam or width of flange of T-beam; 

6' = thickness of web in beams of I or T sections; 

= dimension of the dropped panel of a flat slab in the direction 
parallel to l t ; 

0 = diameter in feet of column capital of a flat slab at the under- 

side of the slab, or dropped panel. No portion of the col- 
umn capital shall be considered for structural purposes 
which lies outside of the largest C0° cone that can be in- 
cluded within the outlines of the column capital; 
c = projection of footing from face of column or pedestal; 
d = depth from compression surface of beam or slab to center of 
longitudinal tensile reinforcement; 

Eq = modulus of elasticity of concrete in compression; 

E& = modulus of elasticity of steel in tension or compression 
30,000,000 lb. per sq. in.; 

fo = compressive unit stress in extreme fiber of concrete in flexure 
or axial compression in concrete in columns; 

/'o = ultimate compressive strength of concrete at age of 28 days; 

f r = compressive unit stress in metal core; 

fs = tensile unit stress in longitudinal reinforcement; 

fy = tensile unit stress in web reinforcement; 

h = unsupported length of column; 

1 = moment of inertia of a section about the neutral axis for bend- 

ing; 

l = span length of beam or slab (generally distance from center to 
center of supports; for special cases, see Sec. 702 and 
1005) ; 

I = span length of flat slab panel (usually expressed in feet) cen- 
ter to center of columns, in the direction in which moments 
are considered (see Sec. 1003); 

^ = span length of flat slab, center to center of columns, perpen- 

dicular to the rectangular direction in which moments are 
considered ; 

= bending moment or moment of resistance in general; 

= sum of positive and negative bending moments at the principal 
design sections of a panel of a flat slab (see Sec. 1003) ; 

= E b /E c = ratio of modulus of elasticity of steel to that of con- 
crete ; 

2o = sum of perimeters of bars in one set ; 

2* = ratio of effective area of tensile reinforcement to effective area 

of concrete in beams = A a /bd; and the ratio of effective 
area of longitudinal reinforcement to the area of the con- 
crete core in columns; 
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p a —permissible unit stress on pedestal, pier, or footing when the 
full area is loaded; 

P — total safe axial load on column whose length does not exceed 
11 times its least cross-sectional dimension; 

P' = total safe axial load on long column; 

r a = permissible unit working stress in concrete over the loaded area 
of a pedestal, pier, or footing; 

R = least radius of gyration of a section; 

s = spacing of stirrups measured perpendicular to the direction of 
the stirrup; 

t = thickness of flange of T-beam ; 

t 1 = thickness of flat slab without dropped panels; or the thickness 
of flat slabs, including dropped panels where one is used; 

t 2 = thickness of flat slab with dropped panels at points away from 
the dropped panel; 

u z=:bond stress per unit of area of surface of bar; 

v = shearing unit stress ; 

v c r=unit shearing stress permitted on the concrete of the web; the 
value depending on the anchorage of the longitudinal rein- 
forcement ; 

V m total shear; 

V' = excess of the total shear over that permitted on the concrete; 

w = uniformly distributed load per unit of length of beam or slab; 

w = upward reaction per unit of area of base of footing; 

w f — uniformly distributed dead and live load per unit of area of a 
floor or roof (in flat slabs usually expressed in pounds per 
square foot) ; 

W = total dead and live load uniformly distributed over a single 
panel area (in flat slabs usually expressed in pounds and 
includes the dead weight of any raised or depressed por- 
tions ) . 

603: Design Loads: 

(a) The provisions for design herein specified are based on the 
assumption that all structures shall be designed for all dead- and live-loads 
coming upon them, the live-loads to be in accordance with the general 
requirements of the building code of which this forms a part, with such 
reductions for girders and lower story columns as are permitted therein. 

604: Wind Loads: 

(a) Provisions shall be made for wind loads in accordance with the 
general provisions of the code of which this forms a part. In designing 
the members to resist wind loads, the allowable unit stresses for dead- and 
live-load and wind loads may be increased to 150 per cent of the allowable 
values specified in Sec. 306 and 307, but the section shall not be less than 
that required if the wind load be neglected. 
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CHAPTER 7. 

Flexural Computations and Moment Coefficients. 

701: Formulas for Flexure: 

(a) Computations of flexural resistance of reinforced-concrete beams 
and slabs shall be based on the assumptions of Sec. 601. The customary 
formulas or their equivalent shall be used. 

702: Span Length: 

(a) The span length of freely supported beams and slabs shall be the 
clear span plus the depth of beam or slab, but shall not exceed the distance 
between centers of the supports. 

(b) The span length for continuous or restrained beams built to act 
integrally with supports shall be the clear distance between faces of 
supports. 

(c) For continuous or restrained beams having brackets built to 
act integrally with both beam and support and of a width not less than the 
width of the beam and making an angle of 45 deg. or more with the hori- 
zontal, the span shall be measured from the section where the combined 
depth of the beam and bracket is at least one-third more than the depth of 
the beam. No portion of such a bracket shall be considered as adding to 
the effective depth of the beam. Brackets making an angle of less than 
45 deg. with the horizontal may be considered as increasing the effective 
depth of the beam, but not as decreasing the span length. 

(d) Maximum negative moments are to be considered as existing at 
the ends of the span, as defined above. 

703: Depth of Beam or Slab: 

(a) The depth of the beam or slab shall be taken as the distance 
from the centroid of the tensile reinforcement to the top surface of the 
structural slab. Any floor finish not placed monolithic with the floor slab 
shall not be included as a part of the structural member. When the finish 
is placed monolithic with the structural slab in buildings of the warehouse 
or industrial class where the finish is subjected to unusual wear from 
trucking or other causes, there shall be placed an additional depth of ^ in* 
over that used in the design of the member. 

704: Point of Inflection: 

(a) For the purpose of these regulations, the point of inflection in 
beams and slabs of equal spans symmetrically loaded shall be assumed to 
be located at the fifth point of the span as defined in Sec. 702. 

705: Distance between Lateral Supports: 

(a) The clear distance between lateral supports of a beam shall not 
exceed 32 times the least width of compression flange. 

706: Requirements for T -Beams: 

(a) In T-beam construction the slab shall be built integrally with 
the beam. The effective flange width to be used in the design of symmetri- 
cal T-beams shall not exceed one-fourth of the span length of the beam, 
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and its overhanging width on either side of the web shall not exceed eight 
times the thickness of the slab nor one-half the clear distance to the next 
beam. 

(b) For beams having a flange on one side only, the effective over- 
hanging flange width shall not exceed one-twelfth of the span length of the 
beam, nor six times the thickness of the slab, nor one-half the clear dis- 
tance to the next beam. 

(c) Where the principal reinforcement in a slab which is considered 
as the flange of a T-beam (not a rib in ribbed floors) is parallel to the 
beam, transverse reinforcement shall be provided in the top of the slab. 
This reinforcement shall be designed to carry *the load on the portion of 
the slab assumed as the flange of the T-beam. The spacing of the bars 
shall not exceed five times the thickness of the flange, or in any case 18 in. 

(d) Provision shall be made for the compressive stress at the support 
in continuous T-beam construction, care being taken that the provisions of 
Sec. 504, relating to the spacing of bars, and 406(c), relating to the plac- 
ing of concrete shall be fully met. In no case shall the area of steel in 
compression at any cross-section adjacent to the support exceed 2 per 
cent of the cross-sectional area of the stem of the beam in that section. 

(e) The overhanging portion of the flange of the beam shall not be 
considered as effective in computing the shear and diagonal tension resist- 
ance of T-beams. 

(f) Isolated beams in which the T-form is used only for purpose of 
providing additional compression area, shall have a flange thickness not 
less than one-half the width of the web and a total flange width not more 
than four times the web thickness. 

707: Ribbed Floor Construction: 

(a) Ribbed floor construction includes floor systems of ribs and slabs 
placed monolithically in which the ribs are not farther apart than 36 in. 
face to face. The ribs shall be straight, not less than 4 in. wide, nor of a 
depth more than 3 times the width. 

(b) Where removable forms or fillers not complying with (c) are used 
the thickness of the concrete slab shall not be less than 1/12 of the clear 
distance between ribs and in no case less than 2 in. 

(c) When burned clay or cement tile are used and concrete is 
placed on the top of such tile, it shall not be less than l 3 /& in. in thickness, 
nor less than one-twelfth of the clear distance between ribs. When the tile 
are so placed that the joints in alternate rows are staggered, the webs of 
the tile in contact with the ribs may be included in calculations involving 
shear or negative bending moment. No other portion of the tile may be 
included in design calculations. 

(d) Where the floor is subject to impact from moving loads, or to 
wear, the slab thicknesses shall be increased ^ in. If a floor or covering 
y 2 in. or more in thickness, not included in the structural slab, is used 
for a wearing surface, no increase need be made. 
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(e) Where the slab contains conduits or pipes, the thickness shall not 
be less than 1 in. plus the total overall depth of such conduits or pipes at 
any point. Such conduits or pipes shall be so located as not to reduce the 
strength of the construction. 

(f) Shrinkage reinforcement in the slab must be provided as required 
in Section 712. 

708: Moment Coefficients for Freely Supported or Slightly Restrained 
Continuous Beams or Slabs of Approximately Equal Span; Uniform Load: 

(a) Beams and slabs of approximately equal spans freely supported 
or built to act integrally with beams, girders, or other slightly restraining 
support, or beams and slabs built into brick or masonry walls in a manner 
which develops only partial end restraint, and carrying uniformly distribu- 
ted loads shall be designed for the following moments at critical sections: 

(1) Beams and slabs of one span, 

Positive moment near center, 

tel 2 

M = — ( 1 ) 

8 

(2) Beams and slabs continuous for two spans only. 

Positive moment near center, 


tcP 

M ~ (2) 

10 

Negative moment over interior support, 

wP 

M = (3) 

8 


(3) Beams and slabs continuous for more than two spans, 

Positive moment near center and negative moment at sup- 
port of interior spans, 

top 

M = (4) 

12 

Positive moment near centers of end spans and negative 
moment at first interior support, 

top 

M = (5) 

10 

(4) Negative moment at end supports for cases (1), (2), and (3) of 

this section, 

tcP 

M = not less than 

24 


( 6 ) 
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709: Moment Coefficients for Fully Restrained Continuous Beams or 

Blabs of Approximately Equal Span: Uniform Load: 

(a) Beams and slabs of approximately equal spans built to act in- 
tegrally with columns, walls, or other restraining supports and assumed to 
carry uniformly distributed loads, shall (except as provided in Sec. 708) 
be designed for the following moments at critical sections: 


(1) Interior spans; 

Negative moment at interior supports except the first, 

tel 3 

M= 

12 

Positive moment near centers of interior spans, 


(T) 


M=z- 


tcl 3 

16 


( 8 ) 


(2) End spans of continuous beams or slabs, and beams or slabs of 
one span; 

Where I /l is less than twice the sum of the values of I/h 
for the exterior columns above and below which are built 
into the beams: 

Positive moment near center of span and negative moment 
at first interior supports, 

M = — < 9 > 

12 

Negative moment at exterior supports, 
wl 3 

SI — ( 10 ) 

12 

Where I /l is equal to or greater than twice the sum of the 
values of I/h for the exterior column above and below 
which are built into the beams: 

Positive moment near center of span and negative moment 
at first interior support, 
tel 3 

M = 

10 

Negative moment at exterior support, 
wl 3 

M = 

16 


.(ID 


.( 12 ) 


(b) In this section, I represents the moment of inertia which, for 
those calculations, shall be computed on the assumption that the member 
is homogeneous, neglecting the reinforcement, but including that portion of 
the concrete section outside of the reinforcement which is ordinarily con- 
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sidered as fireproofing. I and h are the span length and column height, 
respectively, as defined in Sec. 702 and 1102. 

710: Moment Coefficients for Continuous Beams or Slabs of Unequal 
Span or with Non-Uniform Loads: 

(a) Continuous beams with substantially unequal spans, or with other 
than uniformly distributed loading, whether freely supported or restrained, 
shall be designed for the maximum moments resulting from the most severe 
probable combination of loading and restraint. Provision shall be made 
where necessary for negative moment near the center of short spans which 
are adjacent to long spans, and for the negative moment at the end sup- 
ports, if restrained. 

711: Compression Steel in Flexural Members: 

(a) Where it is necessary to introduce steel in compression in girders, 
beams, or slabs, such steel shall be thoroughly anchored by ties or stirrups 
not less than % in. in size which shall be spaced not more than 8 in. 
apart over the distance where the compression steel is required. 

712: Shrinkage and Temperature Reinforcement : 

(a) Reinforcement for shrinkage and temperature stresses normal to 
the principal reinforcement shall be provided in floor and roof slabs where 
the principal reinforcement extends in one direction only. Such reinforce- 
ment shall provide for the following minimum ratios of reinforcement area 
to concrete area, but in no case shall such reinforcing bars be placed farther 
apart than five times the slab thickness nor more than 18 in.: 

Floor slabs where plain bars are used 0.0025 

Floor slabs where deformed bars are used 0.002 

Floor slabs where wire fabric is used, having welded intersec- 
tions not farther apart in the direction of stress than 12 in. .0.0018 

Roof slabs where plain bars are used 0.003 

Roof slabs where deformed bars are used 0.0025 

Roof slabs where wire fabric is used, having welded intersections 

not farther apart in the direction of stress than 12 in 0.0022 

*713: Floors Reinforced in Two Directions: 

(a) Concrete floors supported on four sides by beams, girders, or 
walls, and reinforced in two directions, shall be designed as follows, using 
moment coefficients given in Section 708, 709, and 710 as required, except 
as indicated under (e). 

(b) If the length of the slab exceeds one and one-half times its 
width, the entire load shall be carried in the short direction. 

(c) In case of square panels and uniformly distributed load, one-half 
the live- and dead-load may be assumed as being resisted by each cross band. 


, T£ e . commi ttee feels that this section may be too conservative. However, 
tne additional investigation necessary to determine proper design methods 
requires more time than has been available. 
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(d) In rectangular panels of length L and breadth B, the portion 
of the load which shall be assumed as being supported by the slab in the 

L 1 

short direction shall be equal to ( ) times the total load. The 

B 2 

remainder of the load shall be assumed as being supported by the slab in 
the long direction. The reinforcement in the long direction shall in no case 
be less than that specified in Sec. 712 for shrinkage and temperature 
reinforcement. 

(e) In placing the reinforcement account may be taken of the fact9 
that the moment is less in the portions of the band which are adjacent 
and parallel to the supporting beams. In the one-quarter width of band 
parallel and adjacent to the beams, the computed moment may be reduced 
50 per cent. 

(f) Beams supporting such slabs shall be assumed to take the portion 
of the load as determined in (b), (c), or (d) without advantage of any 
reduction in live-load permitted in other sections of this code. The total 
load for each beam shall be assumed as uniformly distributed. 

714: Maximum Spacing of Principal Slab Reinforcement : 

(a) In slabs other than ribbed floor construction or flat slabs, the 
principal reinforcement shall not be spaced farther apart than three times 
the slab thickness, nor shall the ratio of reinforcement be less than specified 
in Section 712 (a) . 

CHAPTER 8. 

Shear and Diagonal Tension. 

801: Shearing Unit Stress: 

(a) The shearing unit stress (v) in reinforced-concrete beams shall 
be computed by formula (14) : 

8V 


When the value of the shearing unit stress computed by formula (14) 
exceeds the unit shearing stress (-r c ) permitted on the concrete of the web 
(see 306-a), web reinforcement shall be provided to carry the excess. 

(b) For beams of I or T section 6' shall be substituted for 5 in 
formula (14). 

(c) In tile and joist construction, 5 may be taken as a width equal 
to the thickness of the concrete web plus the thickness of the vertical 
webs of the concrete or clay tile in contact with the joist as in Sec. 707c. 

802: Types of Web Reinforcement: 

(a) Web reinforcement may consist of: 

(1) Vertical stirrups or web reinforcing bars; 

(2) Inclined stirrups or web reinforcing bars forming an 

angle of 30 deg. or more with the axis of the beam. 

(3) Longitudinal bars bent up at an angle of 15 deg. or 

more with the axis of the beam. 
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(b) Stirrups or bent-up bars to be considered effective as web rein- 
forcement shall be anchored at both ends, according to the provisions of 
Sec. 904. 

803: Stirrups: 

(a) Area of steel required in stirrup shall be computed by formula 
(15). 

V's 

Ay = (15) 

14000c? 

804: Spacing of Stirrups: 

(a) Where the shearing stress is not greater than 0.06/' c the dis- 
tance s between two successive stirrups measured perpendicular to the 
direction of the stirrup shall not exceed and where unit shearing 

stress exceeds 0.06/' c , it shall not be greater than %d. 

805: Bent-up Bars: 

(a) Where there is a series of parallel bent-up bars at varying dis- 
tances from the support, they shall be considered as inclined stirrups and 
the area required determined from formula (15). 

(b) Where bent-up bars in a single plane are used for web reinforce- 
ment, the required area of the bar shall be computed by formula (16). 

7' 

Ay = (16) 

16000 sin cc 

(c) In formula (16), 7' shall not exceed 0.035/' c bd nor a be less 
than 15 deg. Only the center three-fourths of the inclined portion of such 
bar or group of bars shall be considered effective in resisting shear. Be- 
tween the face of the support and the area reinforced by the bent-up bar, 
other web reinforcement shall be provided, except that when the distance 
is less than d/2 and the beam is designed for uniform load only, such 
additional reinforcement need not be provided. 

806: Combined Web Reinforcement: 

(a) Where two or more types of web reinforcement are used in con- 
junction, the total shearing resistance of the beam shall be assumed as the 
sum of the shearing resistances computed for the various types separately. 
In such computations the shearing resistance of the concrete shall be 
included only once. 

807: Shearing Stress in Flat Slabs: 

(a) In flat slabs, the shearing unit stress on a vertical section which 
lies at a distance t r — iy 2 in. from the edge of the column capital and 
parallel with it, shall not exceed the following values when computed by 
formula (14) (in which d shall be taken as t x — iy 2 in.) : 

(1) 0.03/' c when at least 50 per cent of the total negative rein- 

forcement passes directly over the column capital; 

(2) 0.025/' c when 25 per cent of the total negative reinforce- 
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ment passes directly over the column capital (which is 
the least that shall be permitted) ; 

(3) For intermediate percentages, intermediate values of the 
shearing unit stress shall be used. 

(b) In flat slabs, the shearing unit stress on a vertical section which 
lies at a distance of t 2 — 1 y 2 in. from the edge of the dropped panel and 
parallel with it shall not exceed 0.03/' c when computed by formula (14) 
(in which d shall be taken as t 2 — iy 2 in.). At least 50 per cent of the 
cross-sectional area of the negative reinforcement in two column strips 
must be within the width of strip directly above the dropped panel. 

808: Shear and Diagonal Tension in Footings: 

(a) The shearing unit stress computed by formula (14) on a vertical 
section, which lies at a distance d from the face of the supported column 
or pier and parallel with it, shall not exceed 0.02/' c for footings with 
straight bars, nor 0.03/' c for footings in which the bars are anchored at 
both ends by adequate hooks or otherwise specified in Sec. 903. 

(b) In footings supported on piles, the critical section for diagonal 
tension shall be considered the distance d/2 from the face of the column 
or pedestal and any piles whose centers are at or within this section shall 
be excluded in computing the shear. 


CHAPTER 9. 


Bond and Anchorage 

901 : Computation of Bond Stress in Beams: 

(a) Where reinforcement is used to resist tensile stresses developed 
by beam action, the bond stress shall be taken as not less than that com- 
puted by formula (17). 


87 

(17) 


7 Sod 

(b) For continuous or restrained members, the critical section for 
bond for the positive reinforcement shall be assumed to be at the point 
of inflection, that for the negative reinforcement shall be assumed to be 
at the face of the support, and at the point of inflection. For simple 
beams, or at the outer ends of freely supported end spans of continuous 
beams, the critical section for bond shall be assumed to be at the face of 
the support. 

(c) Bent-up longitudinal bars which, at the critical section, are 
within a distance d/3 from horizontal reinforcement under consideration 
may be included with the straight bars in computing So. 


902: Ordinary Anchorage Requirements: 

(a) Tensile negative reinforcement in any span of a continuous, re- 
strained, or cantilever beam, or in any member of a rigid frame, shall have 
a length of anchorage beyond the face of the supporting member sufficient 
to develop the full maximum tension at an average bond stress not greater 
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than 0.04/' c , for plain bars, or 0.0 5/' c for deformed bars. Within any such 
span, not less than one-third of the negative reinforcements shall extend 
along the tension side of the beam at least to or beyond the point of inflec- 
tion, and any bars not so extended shall he bent down at an angle of not 
more than 45 deg. with the axis of the member and made continuous with 
the positive reinforcement or anchored in a region of compression. 

(b) Of the positive reinforcement in continuous beams, not less than 
one-fourth the area shall extend at the same face of the beam into the 
support to provide an embedment of ten or more bar diameters beyond 
the face of the support. 

(c) For non-continuous beams not less than one-half the area of 
positive reinforcement shall extend at the same face of the beam into the 
support to provide an embedment of ten or more bar diameters. 

903: 8 pedal Anchorage Requirements: 

(a) Where increased shearing or bond stresses on account of special 
anchorages are permitted as specified in Section 306, anchorage of all rein- 
forcement as required in Section 902 shall be increased to conform with the 
requirements of (b), (c), (d), and (e) of this section. 

(b) In continuous and restrained beams, anchorage beyond points 
of inflection of at least one-third the area of the negative reinforcement 
and beyond the face of the support of at least one-third the area of the 
positive reinforcement, shall be provided to develop one-third of the allow- 
able working stress in tension at average bond stresses not to exceed 
0.04/' c for plain bars nor 0.05/' c for deformed bars. 

(c) In footings, all bars shall be anchored by means of hooks at the 
end of the bar. The total length of bar shall be the width of the footing 
plus 20 bar diameters. The outer face of the hook shall not be less than 
3 in. nor more than 4 in. from the face of the footing. 

(d) In simple beams, or at the outer ends of freely supported end 
spans of continuous beams, at least one-half of the tensile reinforcement 
shall extend along the tension side of the beam to provide an anchorage 
beyond the face of the support for one-third of the allowable working 
stress in tension at an average bond stress not to exceed 0.04/' c for plain 
bars, nor 0.05/' c for deformed bars. 

(e) In cases where the design of unusual members involves the use 
of unit shearing stresses in excess of 0.09/' c , values up to 0.12/' c may be 
used, providing the requirements of this section are fully met, that the 
members in which these stresses are used shall be specially designated on 
the plans and that these members shall be constructed under the personal 
supervision of the designing engineer who shall notify the commissioner 
of buildings at least one day in advance of the placing of the concrete in 
such member. When required by the commissioner of buildings, the design- 
ing engineer shall submit an affidavit certifying that he has personally 
supervised the construction of these members and that the design and 
construction was in all respects as called for on the plans and in con- 
formity with the provisions of this code. 
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904: Anchorage of Web Reinforcement : 

(a) Web reinforcement shall be anchored at both ends by one of the 
following methods or combination thereof, but only anchorage meeting the 
requirements of (1), (2) or (3) shall be used for shearing unit stresses in 
excess of 0.08/' c . 

(1) Providing continuity with the main longitudinal reinforce- 

ment. 

(2) Bending around the longitudinal bar or steel shape; 

(3) A hook which has a radius of bend not less than 4 times the 

diameter of the web bar; 

(4) A length of embedment sufficient to develop the stress in 

the stirrup by bond as provided below, provided also that 
the other end of the stirrup is anchored as in ( 1 ) . 

(b) The end anchorage of a web member not bearing on the longi- 
tudinal reinforcement shall be such as to engage an amount of concrete 
sufficient to prevent the bar from pulling out. In all cases the stirrups 
shall be carried as close to the upper and lower surfaces as fireproofing 
requirements permit. 

(c) The stress in a stirrup or web reinforcement bar shall not exceed 
a value equal to the surface area of the bar embedded within the upper or 
lower one-half of the beam multiplied by 0.04 f' e for plain bars, or 0.05/' c 
for deformed bars, except that when wire fabric is used for web reinforce- 
ment it shall have welded intersections not farther apart than 6 in., but 
in no case shall the stress exceed 16,000 lb. per sq. in. 


CHAPTER 10. 

Flat Slabs. 

(Two-Way and Four-Way Systems with Square or Rectangular Panels.) 

1001: Limitations: 

(a) The term flat slabs as used in these regulations refers to concrete 
slabs, having reinforcement bars extending in two or four directions, with- 
out beams or girders to carry the load to supporting members. 

(b) The moment coefficients, moment distribution, and slab thick- 
nesses specified herein are for a series of slabs of approximately uniform 
size arranged in three or more rows of panels in each direction, and in 
which the ratio of length to width of panel does not exceed 1.33. 

(c) Slabs with paneled ceiling or with dropped panels shall be con- 
sidered as coming under the requirements herein given, provided the drop- 
ped panel shall have a length or diameter in each direction parallel to 
a side of the panel of not less than 0.35 of the panel length in that direc- 
tion, and provided further that the depth of the thicker portion of the slab 
does not exceed one and one-half times the depth of the remainder of 
the slab. 
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(d) For structures having a width of less than three rows of panels, 
or in which irregular panels are used, an analysis shall be made of the 
moments developed in both slabs and columns. When so required, compu- 
tations shall be submitted to the commissioner of buildings for approval. 

1002: Panel Strips and Principal Design Sections: 

(a) For convenience of reference, a flat slab panel shall be consid- 
ered as consisting of strips as follows: 

A middle strip one-half panel in width symmetrical with respect 
to the panel center line and extending through the panel in 
the direction in which moments are being considered; 

A column strip one-half panel in width occupying the two quarter 
panel areas outside of the middle strip. 

When considering moments in the direction of the width of the panel, 
the panel is similarly divided by strips, the widths of which are each 
one-lialf the length of the panel. 

(b) The critical sections for moment calculations are referred to as 
principal design sections and are located as follows: 

Sections for Negative Moment. These shall be taken along the 
edges of the panel, on lines joining the column centers, and 
following the circumference of the column capital. 

Sections for Positive Moment. These shall be taken on the center 
line of the panel. 

1003: Moments in Interior Panels — General Case: 

(a) The numerical sum of the positive and negative moments in the 
direction of either side of a rectangular panel shall be not less than that 
given by formula (19). 


2c 

M 0 = 0.09TFZ (1 ) 2 (19) 

3 1 

where M q — sum of positive and negative bending moments at the 
principal design sections, in the direction in which 
the length is given by l. This moment is in foot- 
pounds when c and l are in feet and TF is in pounds. 

(b) The moments in the principal design sections shall be those given 
in the following table of moments, except that the maximum negative 
moment in the column strip may be greater or less than the values given 
in the table of moments by not more than 0.03il/ o , provided that the sum 
of the moments on the principal section remains equal to M , and pro- 
vided further that the moment in each of the three other critical design 

sections be modified by not more than 0.01 AT . 

o 
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MOMENTS TO BE USED IN DESIGN OF FLAT SLABS 
For Interior Panels Fully Continuous 
General case: all values of c: Mo given by formula (19) 


Strip 

Flat Slabs without Dropped Panels 

Flat Slabs with Dropped Panels 

Negative 

Positive 

Negative 

Positive 

Slabs with 2-Way Reinforcement 

Column Strip 

Middle Strip 

— M c = 0.46M o 

— M m - 0.16M o 

+M C = 0.22M o 
+M m = 0.1 6M C 

— M c = 0 50M o 
— M m = 0.1 5M 0 

+M C =0.20M o 
+M m = 0.15M o 

Slabs with 4-Way Reinforcement 

Column Strip 

Middle Strip 

— M c = 0.50M o 
— M m = 0.10M o 

+M C =0.20M o 
+M m = 0.20M o 

— M c = 0.54M o 
— M m = 0.08M o 

+M C =0.19M o 
+M m = 0.19M o 


(c) The width of section at the column head shall he taken as the 
width of the dropped panel where used or half the width of panel where 
no dropped panel is used. 

(d) The band width in the two-way system shall be such as to pro- 
vide reinforcement over the entire one-lialf panel width. 

(e) The band width for the direct bands in the 4-way system shall be 
approximately 4/10 of the panel width at right angles to the direction of 
the band (0.4ZJ and for the diagonal bands approximately 0.4 of the aver- 
age span length. In proportioning the reinforcement in this system, it 
shall be assumed that reinforcement in the direct band resists the entire 
positive moment for the column strip and the two diagonal bands resist the 
entire positive moment for the middle strip. Reinforcement for negative 
moment for the column strip shall include the area of reinforcement for 
negative moment in the diagonal bands multiplied by the cosine of the angle 
between the diagonal band and the axis of the direct band considered plus 
the full area of the reinforcement for negative moment in the direct band. 
The negative reinforcement for the middle strip shall be provided inde- 
pendently of the diagonal bands. 

1004: Moments in Interior Panels — Special Case , C — 0.225 times the 
average span length: 

(a) For the particular case where c is equal to 0.225 times the 
average span length (the average of the distances center to center of 
columns on the two sides of the panel), formula (19) reduces to formula 
(19a). 

M o = 0M5Wl ( 19a ) 

(b) For two-way slab, the values of M 0 may be obtained from 
formula (19a) and the distribution taken from the table in Sec. 1003(b). 

(c) For the four-way slab with dropped panel, the following table 
of coefficients may be used in computing the reinforcement required in each 
of the bands, provided that l for the direct bands shall be the center 
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to center distance between columns in the direction in which the band 
extends, and for the diagonal bands the average value of l for the two 
direct bands of the panel. The moments in the table are those on sections 
at right angles to the direction of the respective bands: 


Band 

Location 

Amount 

Direct 

Diagonal 

Direct 

Center 

. Center 

A f pnlnmn lioorl 

... +0.012W1 
. . . +0.009W1 

n AOHU71 

Diagonal 

Top band across direct band. . . 

• XXL CUXU.II1I1 Ilcdu . . . 

At column head . . . 
Between columns . . 

. .. — 0.011W1 
. . . — 0.005W1 


1005: Thickness of Slabs and Dropped Panels: 

(a) For slabs without dropped panels, using concrete of 2,000 lb. 
per sq. in. ultimate strength, the total thickness of the slab t 1} in inches, 
shall be not less than the value given by formula (20). 


c 

t x = 0.038 ( 1 — 1.44 — ) l \i/ 2 (20) 

X 

where w' = uniformly distributed dead and live-load, lb. per sq. ft. 

(b) For slabs with dropped panels, using concrete of 2,000 lb. per 
sq. in. ultimate strength, the total thickness in inches at points beyond 
the dropped panel shall be not less than 

t 2 = 0.02 1 —J— 1 (2i ) 

(c) The dropped panel shall have a thickness not greater than 1.5 1 2 
nor less than 1.2 5t 2 . The side or diameter of the dropped panel shall not 
be less than 0.35 times the side of the panel in the parallel direction. 

(d) In determining minimum thickness by formulas (20) and (21), 
the value of l shall be the panel length center to center of the columns, 
on the long side of the panel. For concrete of 2,000 lb. per sq. in. ulti- 
mate strength, the slab thickness t x or t 2 shall in no case be less than Z/32 
for floor slabs, and not less than 1 / 40 for roof slabs. 

(e) Where concretes of higher ultimate strengths than 2,000 lb. per 
sq. in. are used, the thickness given by formulas (20) and (21) and the 


limiting thicknesses may be reduced by multiplying by the factor 2,000 


in which /' c is the ultimate strength of the concrete to be used. ^ ° 
1006: Limiting Percentages of Reinforcement: 

(a) The ratio of reinforcement for negative moment in the column 
strip shall not exceed the values of p calculated for balanced reinforcement, 
that is, the amount of reinforcement for which both the steel and the 
concrete are stressed to the full amount permitted by Sec. 306 and 307. 
Any reinforcement in excess of this amount shall not be included in the 
calculation. In computing the ratio of reinforcement for negative moment 
in the column strip, the width of section shall be taken as in Sec. 1003(c). 
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In the case of four-way design, the steel area shall consist of the area of 

steel for negative moment as defined in 1003(e). 

(b) The ratio of flat slab reinforcement in any strip shall not be less 
than .0025. Bars shall not be spaced farther apart than iy 2 times the slab 
thickness. 

1007: Point of Inflection: 

(a) In the middle strip the point of inflection for slabs without 
dropped panels shall be assumed at a line 0.331 distant from the center 
of the span and for slabs with dropped panels 0.31 distant from the center 

of the span. , 

(b) In the column strip, the point of inflection for slabs without 

dropped panels shall be at a line 0.33 (l — c) distant from the center of 
the panel and 0.3 (l— c) for slabs with dropped panels. 

1008: Arrangement of Reinforcement at Column Reads— Two- and 

Four-W ay Systems: 

(a) In both two- and four-way systems, provision shall be made for 
securing the reinforcement in place so as to resist properly not only the 
critical moments, but also the moments at intermediate sections. The 
full area of steel required for negative moment at the column head shall 
be continued in the same plane close to the upper surface of the slab to 
the edge of the dropped panel, but in no case less than a distance 0.2 
from the center line of column. Lapped splices shall not be permitted at 
or near regions of maximum stress except as described in Sec. o05. 

1009: Arrangement of Reinforcement— Two-Way System: 

(a) For column strips at least four-tenths of the area of steel re- 
quired at the section for positive moment in the column strip shall be 
of such length and so placed as to reinforce the negative moment section 
at the two adjacent column heads. These bars, and any other bars for 
negative reinforcement shall extend into the adjacent panel to a point 
at least 0.05? beyond the point of inflection. Not less than one-third of 
the bars used for positive reinforcement in the column strip shall extend 
into the dropped panel at least twenty diameters of the bar, but not less 
than 12 in. or in case no dropped panel is used, shall extend to within 
0.1251 of the center line of the columns or the supports. The balance of 
the bars for positive reinforcement in the column strip shall extend at 
least 0.33? on either side of the center line of panel. 

(b) For the middle strip at least one-half of the bars for positive 
moment shall be bent up and extend over the main bands at both sides 
of the panel to a point at least 0.25? beyond the center line of columns. 
The location of the bends shall be such that for a distance 0.15? for slabs 
with dropped panels, (or 0.125? for slabs without dropped panels), on each 
side of the center line of columns, the full reinforcement required for 
negative moment will be provided in the top face of the slab. The full 
reinforcement for positive moment in the middle strip shall extend in the 
bottom face of the slab to a point at least 0.3? on either side of the panel 
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center line, and at least 50 per cent of it shall extend to points 0.3251 on 
edher side of the panel center line for slabs with dropped panels, or 
U.Jol for slabs without dropped panels. 

1010: Arrangement of Reinforcement — Four-Way System: 

(a) For direct bands, all provisions governing the placing of steel 
m column strips in two-way systems apply as well to the direct bands in 
four-way systems. 

(b) For diagonal bands, at least four-tenths of the area of steel re- 
quired at the section for positive moment shall be of such length and so 
placed as to reinforce the negative moment section at the two diagonally 
opposite column heads. These bars and any other bars for negative rein- 
forcement shall extend into the adjoining panel to points at least 0.41 
beyond a line drawn through the column center perpendicular to the direc- 
tion of the band. The straight bars for positive moment in the diagonal 

bands shall not be shorter than the longer straight bars in the direct 
bands. 

(c) For negative moment in the middle strip, the required steel shall 
extend not less than 0.251 on either side of the column center line. 

1011: Wall and Other Irregular Panels: 

(a) In wall panels and other panels in which the slab is non-con- 
tinuous on one edge, the maximum positive moments on the principal 

esign sections parallel to the discontinuous edge (reinforcement perpen- 
dicular to that edge) shall be increased by 25 per cent. 

(b) The positive moment reinforcement perpendicular to the discon- 
tinuous edge shall extend to this edge and have an embedment of at least 

, * n* , m , 8pandrel beams or columns. All negative moment reinforcement 
shall be bent or hooked at spandrel beams or columns to provide adequate 
bond resistance. ^ 

(c) At the wall or discontinuous edge the negative moment in the 
column strip shall be taken as not less than 90 per cent and in the middle 
strip not less than 62 y 2 per cent of the corresponding moments for a 
normal interior panel as given in the table of Sec. 1003(b). 

(d) Where there is a beam or a bearing wall at the 'center line of 
columns m the interior portion of a continuous flat slab, the negative 
moment at the beam or wall line in the middle strip perpendicular to 
the beam or wall shall be taken as 30 per cent greater than the negative 
moment specified ,n Sec. 1003(b) for a middle strip. The half column 
strip adjacent and parallel to and lying on either side of the beam or 
wall shaH be designed to resist moments at least one-fourth of those 
specified m Sec. 1003(b) for a column strip. The beam or wall in such 
cases shall be designed to carry a uniformly distributed load equal to one- 

ourth of the panel load on either side in addition to the loads directly 
imposed upon it. J 

1012: Panels With Marginal Beams: 

(a) In panels having marginal beam on one edge or on each of the 
two adjacent edges, the beam shall be designed to carry at least the load 
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superimposed directly upon it, exclusive of the panel load. A marginal 
beam which has a depth greater than 1 y 2 times the minimum slab thick- 
ness, shall be designed to carry, in addition to the load superimposed 
directly upon it, a uniformly distributed load equal to at least % of the 
total live and dead load for which the adjacent panel or panels are de- 
signed. Slabs supported by marginal beams on opposite edges shall be 
designed as freely supported slabs for the entire load. 

(b) The half column strip adjacent to and parallel with marginal 
beams, having a depth not greater than 1 Ms times the minimum slab thick- 
ness, shall be designed to resist half the moment specified for a full column 
strip. 

(c) In wall panels having exterior columns where brackets, (the faces 
of which make an angle with the face of the column, projected upward, of 
not more than 45 deg.) are used in place of capitals, the value of (c) in 
the direction in which the bracket extends may be taken as twice the dis- 
tance from the center of the column to a point where the structural portion 
of the bracket is 1 Ms in. thick, and averaged with the value of (c) for an 
interior column capital in the computations for moment in formula (19). 
The value of (c) for column strips parallel and adjacent to a non-continu- 
ous edge of a slab where either no marginal beam is used, or where the 
beam used is not deeper than lMs times the minimum slab thickness, should 
be taken as equal to the width of the wall column if no bracket is used in 
this direction. 

(d) The value of (c) for column strips parallel and adjacent to mar- 
ginal beams having a depth greater than the thickness of the slab at the 
wall columns, shall, if no bracket is used in this direction, be taken as 
equal to the width of the wall column plus twice the difference between the 
depth of the beam and the depth of the slab through the dropped panel. This 
value of c is to be used in calculating the — M c and -\-M c for the half 
column strip parallel and adjacent to the marginal beams only. This half 
column strip should be designed to resist a moment at least one-fourth as 
great as that specified for a column strip in the Table of Moments. 

(e) It shall be permissible to omit the dropped panels at wall columns 
provided the design complies with the requirements of Section 1003-b and 
1006-a for slabs without dropped panels. 

1013: Openings in Flat Slabs: 

(a) Openings of any size may be cut through the floor in the area 
common to two intersecting middle strips, provided the total positive and 
negative resisting moments be maintained as required in Sec. 1003(b) and 
that these total positive and total negative moments be redistributed be- 
tween the remaining principal design sections to meet the new conditions. 

(b) In any area common to two column strips, not more than one 
opening shall be allowed and the greatest dimension of such an opening 
shall not exceed 1/20 1. 

(c) In any area common to one column strip and one middle strip, 
openings shall not interrupt more than one-quarter of the bars in either 
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strip and the equivalent of the bars so interrupted shall be provided by 
extra steel on both sides of the opening. 

(d) Any opening larger than described above shall be completely 
framed on all sides with beams to carry the loads to the columns. 

CHAPTER 11. 

Reinforced-Concrete Columns and Walls. 

1101: Limiting Dimensions: 

(a) Unless designed as long columns under the provisions of Sec. 
1108, reinforced-concrete columns shall not be longer than eleven times 
the least lateral dimension. Principal columns in buildings shall have a 
minimum diameter or thickness of 12 in. Posts that are not continuous 
from story to story shall have a minimum diameter or thickness of 6 in. 
1102: Unsupported Length of Columns: 

(a) The unsupported length of reinforced-concrete columns shall be 
taken as: 

( 1 ) In flat-slab construction the clear distance between the floor 

and under side of the capital; 

(2) In beam-and-slab construction, the clear distance between the 

floor and the under side of the shallowest beam framing 
into the column at the next higher floor level; 

(3) In floor construction with beams in one direction only, the 

clear distance between floor slabs; 

(4) In columns supported laterally by struts or beams only, the 

clear distance between consecutive pairs (or groups) of 
struts or beams, provided that to be considered an ade- 
quate support, two such struts or beams shall meet the 
column at approximately the same level and the angle 
between the two planes formed by the axis of the column 
and the axis of each strut respectively is not less than 
75 deg., nor more than 105 deg. 

(b) When reinforced-concrete brackets are used at the junction of 
beams or struts with columns, the clear distance between supports may 
be considered as reduced by the depth of the bracket, provided the width 
of the bracket is at least equal to that of the beam and not less than 
one-half of the column. 

1103: Design of Spiral Columns: 

(a) The permissible axial load on columns reinforced with longitudi- 
nal bars and closely spaced spirals enclosing a circular core, shall not be 
greater than that determined by formula (22). 

P = A C [1 -f (n— 1) p] f c (22) 

in which A c is the area within the outer circumference of the spiral hoop- 
ing, and the values of f c are as given in Sec. 306, or as may be found 
for intermediate values of p by interpolation, or in general, by the formula, 
/c =[300 + (0.10 + 4p)/' c ] (22a) 
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(b) The longitudinal reinforcement shall consist of at least six bars 
of minimum diameter of % in., and of an effective cross sectional area not 
less than 0.01, nor more than 0.06 of that of the core. The number of 
longitudinal bars concentrated in the ring at the periphery of the core shall 
be governed by the spacing requirements of Section 504-a. If all the bars 
cannot be placed at the periphery of the core, the bars within shall be 
stayed at intervals of 24 in., and shall not be nearer to the outer ring than 
two-tenths times the core diameter. When the ratio of reinforcement in a 
spirally reinforced column is greater than 0.04, special placing drawings 
illustrating the proper distribution of steel shall be submitted with the 
detail plans. Splices in longitudinal reinforcement shall provide a lap of 
at least 24-bar diameters for deformed bars, and 30 diameters for plain bars. 

(c) The ratio of the spiral reinforcement shall be not less than one- 
fourth the ratio of the longitudinal reinforcement. Spiral reinforcemen 
shall consist of evenly spaced continuous spirals held firmly in P lace a " 
true to line by at least three vertical spacer bars. At the ends of all 
spirals and at points of splice, the outside diameter shall be mamtamed. 
The spacing of the spirals shall not be greater than one-sixth of the 
diameter of the core and in no case more than 3 in. 

(d) Reinforcement shall be protected everywhere by a covering ot 
concrete cast monolithic with the core which shall have a minimum thick- 
ness of iy 2 in. 

1104: Design of Columns ivith Lateral Ties: 

(a) The permissible axial load on columns reinforced with longitudi- 
nal bars and separate lateral ties shall not be greater than that determined 
by formula (23) : 

P = 0.225f' c A g [l+(n — l)pl 

(b) The ratio of longitudinal reinforcement shall not be less than 
0.005 nor shall the ratio considered in the calculations be more t an 
0 02 of the total area of the column. The longitudinal reinforcement shall 
consist of not less than four bars of minimum diameter of % m., placed 
with clear distance from the face of the column not less than 2 in., nor 
more than 3 in. Splices in longitudinal reinforcement shall provide a lap 
of at least 24-bar diameters for deformed bars, and 30 diameters for plain 

barS ’(c) Lateral ties shall be at least % in- in diameter spaced not more 
than 12 in. apart. In columns of rectangular section, cross ties shall be 
arranged to afford support to the vertical bars at intervals not greater 
than the shorter side of the section, but such interval need not be less 
than 12 in. in any case. 

1105: Bending in Columns: 

(a) The bending moments in interior and exterior columns shall be 
determined on the basis of loading conditions and end restraint, and slia 
be provided for in the design. 

(b) In flat-slab construction, the least dimension of the column shall 
be not less than one-fifteenth of the average center to center span, nor ess 
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than 16 in. For known eccentric loads or unequal spacing of columns, 
computations of moments shall be made accordingly. Wall columns in 
at-slab construction shall be designed to resist a bending moment of Wl/35 
Any counter moment due to the weight of the structure that projects 
beyond the column center line may be deducted from the moment computed 
as just described. Resistance to the bending moments shall be divided 
between the columns immediately above and below in direct proportion to 
the values of their ratios of I/h (see Sec. 709 and 1102). 

(c) The recognized methods shall be followed in calculating the 
stresses due to combined axial load and bending. The column section shall 
not be less than that required where axial load alone is considered. The 
limiting combined unit stresses shall be as follows : 

(1) Columns with spiral reinforcement, 

io\ n , [300 + (0.10 + 4p)/' c ] +0.15/',. 

(2) Columns with lateral ties 0.3 f' e . The total amount of rein- 

forcement considered in the computations shall not be 
more than 4 per cent of the total area of the column. 

(3) Tension in longitudinal reinforcement due to bending on the 

column shall not exceed 16,000 lb. per sq. in. 

(d) Where the allowable unit stress in columns is increased (to pro- 
vide for combined axial load and bending) and wind loads are also added, 
the total shall still come within the allowable values specified for wind 
loads in Sec. 604. 

1106: Composite Columns: 

(a) The permissible load on composite columns in which a structural 

steel or cast-iron column is thoroughly encased in a concrete core reinforced 
with not less than 0.02 nor more than 0.04 longitudinal reinforcement in 
the form of bars arranged at the periphery of the core, nor less than 0.01 
of spiral reinforcement meeting the requirements for spirals of Sec. 
1103 (c), shall be based on a certain unit stress for the steel or cast- 
iron section plus a unit stress of 0.25 f\ on the net area of the concrete 
within the outer circumference of the spiral hooping enclosing the core. 
The longitudinal and spiral reinforcement ratios stated shall be based on 
the total core area enclosed within the outer circumference of the spiral 
hooping. r 

(b) The unit compressive stress on the steel section shall not exceed 
15,000 lb. per sq. in. Where the steel section is required to carry construc- 
tion or other loads prior to its encasement in concrete, the stress shall not 
exceed that given by formula ( 24 ) . 

18,000 


1-1 
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(c) The unit stress on the cast-iron section shall not exceed 9,000 lb. 
per sq. in. Where the cast-iron section is required to carry construction, 
or other loads prior to its encasement in concrete, the stress shall not ex- 
ceed that given by formula (25). 

h 

f T — 12,000 — 00— (25). 

R 

(d) The unit stress on the longitudinal reinforcement shall be 
0.25 nf' c . 

(e) The diameter of the cast-iron section shall not exceed one-half 
the diameter of the core, nor shall its total area exceed 12 per cent of the 
core area, (area included within outer circumference of the spiral hooping). 
The dimension of the structural steel section shall be such as to provide 
at least 3 in. between the spiral and the corners of the section and its 
area shall not exceed 12 per cent of the core area. Metal columns shall be 
accurately milled at splices and positive provision shall be made for align- 
ment of one column above another. The spiral reinforcement shall be not 
less than 0.01 of the volume of the core, and shall conform in quality, 
spacing, and other requirements to the provisions for spirals in Sec. 1103(c). 

(f) In composite columns, provision shall be made at the base to 
transfer the load from the middle section at safe unit stresses in accordance 
with Section 1205. The base of the metal section shall be designed to trans- 
fer the load from the entire composite column to the foundation, or it may 
be designed to transfer the load from the metal section only, provided it is 
so placed in the pier or pedestal as to leave ample section of concrete above 
the base for the transfer of the load from the reinforced-concrete section of 
the column by means of bond on the vertical reinforcement, and by direct 
compression from the concrete. At the top of the metal section, provision 
shall be made to receive the full load to be transferred to the metal section 
at this point. At points in the structure below this, where the load on the 
metal section is increased, positive means, consisting of cast or built-up 
brackets rigidly attached to the metal section, shall be provided to receive 
the increase in load. 

(g) Ample section of concrete and continuity of reinforcement shall 
be provided at the junction with beams or girders. The area of the con- 
crete between the spiral and the metal column shall be not less than that 
required to carry the total floor load of the story above on the basis of 
a stress in the concrete of 0.35f' c , unless special brackets are arranged on 
the metal column to receive directly the beam or slab load. 

1107: Combination Columns: 

(a) Structural steel columns of any rolled or built-up section wrapped 
with the equivalent of No. 8 U. S. standard gage wire spaced 4 in. on 
center and encased in concrete not less than 2 in. thick over all of metal 
except rivet heads and connections will be permitted to carry a load equal 
to ( 1 A C /100A S ) times permissible load for unencased steel columns. 
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(b) The permissible load for unencased steel columns shall be deter- 
mined by formula (24), provided the structural steel column acting inde- 
pendently of the concrete shall have sufficient capacity to carry all dead 
loads which will be placed thereon, and provided the quality of the concrete 
is such that it shall show a compressive strength of at least 2,000 lb. per 
sq. in. at 28 days when tested in accordance with Sec. 201 (c). 

1108: Long Columns: 

(a) The permissible working load on the core in axially loaded spiral 
or composite columns which have a length greater than 50 times the least 
radius of gyration of the column core (50 R) shall not be greater than that 
determined by formula (26). 


P' 

— =1.50- 
P 


100P 


■ (26) 


(b) The permissible working load on axially-loaded tied columns, 
which have a length greater than 40 times the least radius of gyration of 
the column section (40P), shall not be greater than that determined by 
formula (26a). 

j=1.33-~ (26a) 


(c) The radius of gyration of a column shall be computed from the 
concrete area used in design and the transformed section of the longitu- 
dinal steel area; that is, the actual area of steel multiplied by n. 

1109: Monolithic Walls : 

(a) Reinforced-concrete bearing walls shall have a thickness of at 
least one twenty -fifth (1/25) of the unsupported height or width, provided, 
however, that approved buttresses, built-in columns, or piers designed to 
carry all the vertical loads, may be used in lieu of greater thicknesses. 
Working compressive stresses in such walls shall not exceed 0.0625/% when 
the wall is 25 times the thickness in height, increasing proportionately to 
0.125/% when the wall is 15 times the thickness or less in height. 

(b) The lateral support for such walls shall consist of a fire-resistive 
floor when the framing is on one side of the wall only, but may be of a 
fire-resistive or of a non-fire-resistive type where framing is on both sides of 
the wall, provided that for residences, wood-frame construction properly 
tied may be used as support. 

(c) In fire-resistive buildings, reinforced-concrete bearing walls shall 
ha\e a thickness at least equal to the values shown in the table of minimum 
wall thicknesses given at the end of this section, except that exterior base- 
ment walls shall not be less than 8 in. thick. (See table page 24 6.) 

(d) In fire-resistive buildings, bearing walls shall be reinforced with 
an area of steel in each direction, vertical and horizontal, at least equal to 
0.0025 times the cross-sectional area. Walls 8 in. or more in thickness 
shall have half the steel at each face of the wall. The bars shall not be 
farther apart in either direction than 18 in., regardless of whether the 
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steel is disposed in one or two layers, nor shall less than the equivalent of 
%-in. round bars be so used. The vertical steel shall not be relied on to 
carry load unless tied and arranged as in reinforced-concrete columns. 

(e) All bearing walls shall be designed for any lateral pressure to 
which they are subjected. Eccentric loads and wind stresses shall be fully 
provided for. In such designs, the stresses for flexure as given in Sec. 306 
shall govern. 

(f) In non-fire-resistive buildings, exterior bearing walls may be of 
reinforced concrete, subject to the provisions of this section, when increased 
50 per cent in thickness over those referred to in (c). In such walls, the 
amount of reinforcement in each direction, horizontal and vertical, shall 
be at least 0.002 times the cross-sectional area. The steel shall be dis- 
tributed half to each face of the wall with a maximum bar spacing of 24 in. 

(g) In buildings of skeleton construction, panel or other walls sup- 
ported on the structural frame shall not be less than 5 in. thick, nor less 
than one-thirtieth (1/30) of the horizontal distance between columns, cross 
walls, or equivalent anchorage. Such walls shall be reinforced in the same 
manner as bearing walls in fireproof buildings, (see (d) above). 

(h) Stairway and elevator enclosures in all classes of buildings may 
be built of reinforced concrete, when the wall thicknesses are in accord- 
ance with the requirements of (c) and (g) and reinforcement in accordance 
with (d). 


MINIMUM WALL THICKNESS, IN INCHES, IN STORY INDICATED. 


No. of 
Stories 

Base- 

ment 

1st 

2nd 

3rd 

4th 

5th 

6th 

7th 

8th 

9th 

10th 

1 

6 

6 
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7 
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6 
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8 

7 

7 

6 






6 

9 

9 

8 

8 

7 

7 

6 
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10 

9 

9 

8 

8 

7 

7 

6 




8 

10 

10 

9 

9 

8 

8 

7 

7 

6 



9 

12 

10 

10 

9 

9 

8 

8 

7 

7 

6 


10 

12 

12 

10 

10 

9 

9 

8 

8 

7 

7 

6 


CHAPTER 12. 


Footings. 

1201: Loads: 

(a) Footings resting directly on soil or on piles shall be propor- 
tioned as to area or number of piles on the basis of the total column load 
plus the weight of the footing itself. For computations of moments and 
shears, an upward reaction per unit area or per pile shall be based on the 
total column load (not including the weight of the footing itself) divided 
by the area or by the number of piles. 
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1202: Sloped or Stepped Footings: 

(a) Footings in which the thickness has been determined by the re- 
quirements for shear as specified in Sec. 808, may be sloped or stepped 
between the critical section and the edge of the footing, provided that the 
shear on no section outside the critical section exceeds the value specified 
and provided further that the thickness of the footing above the reinforce- 
ment at the edge shall not be less than 6 in. for footings on soil, nor less 
than 12 in. for footings on piles. Sloped or stepped footings shall be cast 
as a unit. 

1203: Bending in Footings : 

(a) The critical section for bending in a concrete footing which sup- 
ports a concrete column or pedestal, shall be considered to be at the face 
of the column or pedestal. Where steel or cast-iron column bases are used, 
the moment in the footing shall be computed at the middle and at the edge 
of the base; the load shall be considered as uniformly distributed over the 
column or pedestal base. 

(b) The bending moment at the critical section in a square footing 
supporting a concentric square column, shall be computed from the load on 
the trapezoid bounded by one face of the column, the corresponding out- 
side edge of the footing, and the portions of the two diagonals. The load 
on the two corner triangles of this trapezoid shall be considered as applied 
at a distance from the face equal to six-tenths of the projection of the foot- 
ing from the face of the column. The load on the rectangular portion of 
the trapezoid shall be considered as applied at its center of gravity. The 
bending moment is expressed by formula (27). 


to 

M = — (o-f 1.2c)c= 
2 


(27) 


(c) For a round or octagonal column, the distance a shall be taken as 
equal to the side of a square of an area equal to the area enclosed within 
the perimeter of the column. 


1204: Shearing and Bond Stresses: See Sec. 808, also Sec. 901 to 904. 

1205: Transfer of Stress at Base of Column: 

(a) The compressive stress in longitudinal reinforcement at the base 
of a column shall be transferred to the pedestal or footing by dowels. 
Ihere shall be at least one dowel for each column bar, and the total sec- 
tional area of the dowels shall not be less than the sectional area of the 
longitudinal reinforcement in the column. The dowels shall extend into 
the column and into the pedestal or footing not less than 30 diameters of 
the dowel bars for plain bars, or 24 diameters for deformed bars. 

(b) The permissible compressive unit stress on top of the pedestal 
or footing directly under the column shall be not greater than that deter- 
mined by formula (28). 


r^—p & 


3 I A 
\T' 



( 28 ) 
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(c) The value of p a shall not exceed 0.25 /' c for plain concrete. 
When lateral reinforcement in the form of spiral or hoops is provided, the 
value of p a for the area within the spiral may be increased (l-|-2.5np') 
times that for plain concrete, but no area outside the outer face of the spiral 
shall be considered. Where piers are designed as columns, the value of p a 
shall be computed by the proper column design formula. 

(d) In no case shall the total load computed by formula (28) be 
taken as greater than the load computed, using a stress equal to p a , on the 
gross area of the pedestal, pier, or footing at a point below special rein- 
forcing provided at the top. 

(e) Where the loaded area is not central on the top of the pedestal 
pier, or footing, the total area A shall not be taken as greater than the 
area of the largest circle that can be drawn about the load as a center and 
lying entirely within the top of the pedestal, pier, or footing. 

(f) Where lateral reinforcement is provided to increase the value 
of p a , it shall extend to within 3 in. of the top of the pedestal, pier, or 
footing and to a depth equal to the diameter of the spiral, and the loaded 
area shall lie at the center of the spiral or hoops. The pitch of the spiral 
or the spacing of the hoops in the clear shall not be less than 2 in., nor 
more than 5 in. The designed pitch shall be maintained by at least four 
spacers securely fastened to each spiral turn or hoop. The ratio of lateral 
reinforcement shall not exceed 0.015. 

(g) In sloped or stepped footings, A may be taken as the area of the 
top horizontal surface of the footing or as the area of the lower base of 
the largest frustum of a pyramid or cone contained wholly within the foot- 
ing and having for its upper base the loaded area A , and having side 
slopes of 1 vertical to 2 horizontal. 

1200 : Pedestals without Reinforcement: 

(a) The allowable compressive unit stress on the gross area of a con- 
centrically loaded pedestal or on the minimum area of a pedestal footing 
shall not exceed 0.25/' o , unless reinforcement is provided and the member 
designed as a reinforced-concrete column. 

(b) The depth of a pedestal or pedestal footing shall not be greater 
than three times its least width and the projection on any side from the 
face of the supported member shall not be greater than one-half the depth. 
The depth of a pedestal whose sides are sloped or stepped shall not exceed 
three times the least width or diameter of the section midway between the 
top and bottom. A pedestal footing supported directly on piles shall have 
a mat of reinforcing bars having a cross-sectional area of not less than 
0.20 sq. in. per ft. in each direction, placed 3 in. above the top of the piles. 
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“ “ “ 2500 and 3750 “ 

4000-lb. soil 2000 and 3000-lb. concrete 
“ “ “ 2500 and 3750 “ 

5000-lb. soil 2000 and 3000-lb. concrete 
“ “ “ 2500 and 3750 “ “ ! 

6000-lb. soil 2000 and 3000-lb. concrete. 
“ “ “ 2500 and 3750 “ « 

Quantities for flat-top. 

3000-lb. soil 2000 and 3000-lb. concrete 
“ “ “ 2500 and 3750 “ 

4000-lb. soil 2000 and 3000-lb. concrete. 

“ “ “ 2500 and 3750 “ 

5000-lb. soil 2000 and 3000-lb. concrete 
“ “ “ 2500 and 3750 “ 

6000-lb. soil 2000 and 3000-lb. concrete. 
“ “ “ 2500 and 3750 “ 

Quantities for sloped-top. 

3000-lb. soil 2000 and 3000-lb. concrete. 

“ “ “ 2500 and 3750 “ 

4000-lb. soil 2000 and 3000-lb. concrete. 

“ “ “ 2500 and 3750 “ 

5000-lb. soil 2000 and 3000-lb. concrete. 

“ “ “ 2500 and 3750 “ 

6000-lb. soil 2000 and 3000-lb. concrete. 
“ “ “ 2500 and 3750 “ 

design problem 

effective depths of 

formula for maximum bar size 

formula for weight 

formula for volume 

maximum bar sizes 

square spread type 

standardized proportions 

J 

JOINT code 

JOINT COMMITTEE report (1924) 


Page 
. 170 
. 178 
. 172 
. 180 
. 174 
. 182 

. 152 
. 160 
. 154 
. 162 
. 156 
, 164 
. 158 
166 


. . . 169 
... 177 
... 171 
... 179 
. . . 173 
... 181 
. . . 175 
... 183 

. . . 153 
. . . 161 
. . . 155 
. . . 163 
. . . 157 
. . . 165 
. . . 159 
. .. 167 
. . . 38 

. . . 149 
. . . 36 

. . . 37 

. . . 37 

. . . 149 
. . . 35 

35, 148 


3, 203 


K 

K FOR RECTANGULAR BEAMS. 

center and support 40.42 

with compressive reinforcement in’ 44.^ 

K FOR T-BEAMS. 

2000, 2500, 3000 and 3750-lb. concrete 9 41 43 

with compressive reinforcement .13, 52-55 


L 

LOAD 

distribution — 2-way slabs 

intensity under partial loading with and without lateral reinforcement 150 
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Page 

M 

METAL column forms, flat slab 4, 118-131 

N 

NOTATION 4, 18, 220 

P 

p and K 

rectangular beams, center and support 40-42 

rectangular beams with compressive reinforcement. 

2000-lb. concrete at center 44 

“ “ “ “ support 45 

2500-lb. concrete at center 46 

“ “ “ “ support 47 

. 3000-lb. concrete at center 48 

“ “ “ “ support 49 

3750-lb. concrete at center 50 

“ “ “ “ support 51 

T-beams 41, 43 

T-beams with compressive reinforcement. 

2000-lb. concrete 52 

2500-lb. “ 53 

3000-lb. “ 54 

3750-lb. “ 55 

PERCENTAGE of reinforcement — see p. 

PERIMETERS of standard bars 40 

PERIPHERIES of Tound sections 147 

PIERS, standardized — see footings. 

PROBLEMS illustrating design. 

bending and direct compression 19-21 

bent-up bars as web reinforcement 28 

flat slab, 2-way and 4-way 32, 33 

footings 38 

rectangular beams 6 

rectangular beams with compressive reinforcement 12 

spiral column 34 

stirrups 8, 27 

T-beams 10 

T-beams with compressive reinforcement 15 

tied column 35 

top of pier 38 

Q 

QUANTITIES of concrete, steel and forms 29 

for square interior panels. 

beam-and-girder full height of building 201, 202 

beam-and-girder roof, floors, columns and footings 195-198 

flat slab full height of building 199, 200 

flat slab roof, floors, columns and footings 191-194 

See also flat slab, footings. 

R 

RATIO of reinforcement in beams 40-55 

of spiral reinforcement, formula 145, 150 
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RECTANGULAR BEAMS. 

design problem 

steps and design 

with compressive reinforcement, design, problem 
with compressive reinforcement, steps in design. 

REINFORCEMENT — see member in which used. 

ratio or percentage tables ’ 

spiral tables 

standard sizes 

ROUND SECTIONS, area, peripheries, volumes. . . . 
See also bending and direct compression. 


Page 

6 

5 

. 12 
. 10 


. .40-55 
142-145 
. .4, 40 
146-147 


S 

SAVING in cost with 3000-lb. concrete 
SHEAR — see stirrups, 
diagrams used to design stirrups. . . . 

value of bent-up bars 

SLABS. 


186-190 

21, 109-112 

113 


bar spacing formula 

4-way — see flat slab, 4-way. 

1- way — see rectangular beams. 

2- way — see 2-way slab on beams or flat slab, 2-way. 
SLOPED-TOP FOOTINGS— see footings. 

SOIL PRESSURES — see footings. 

SPACING of bars in slabs 

SPIRAL COLUMN 


basis of design 

design problem 

Design diagrams. 

2000-lb. concrete 

2500-lb. “ 

3000-lb. “ 

3750-lb. “ 

5000-lb. “ * ’ ’ ‘ 

load reduction in long 

SPIRAL percentages and weights, see column spiral. 
SPREAD footings — see footings. 

2000, 4000, 5000 and 6000-lb. soil— see footings 
STANDARD. 

bar sizes 

column capital sizes 

spiral rod sizes 

STANDARDIZED piers — see footings, 
proportions — see flat slab and footings. 


34 

34 


135 

136 

137 

138 

139 
134 


40 

4 

4 


STEEL reinforcement quantities — see flat slab quantities, footing 
quantities and quantities. 6 


STEM width of beams, T-beams and joists 
STIRRUPS. 


area of group of, NA V 

design problem, case I 

design problem, case II 

distance required, a 

inclined, maximum size formula 


107 

27 

8 

24 

106 
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Page 

more than 20 required 25 

spacing # . 25 

spacing of 1 to 7, general 24, 109, 112 

spacing of 8 to 14, general 24, 110, 112 

spacing of 15 to 20, general 24, 111, 112 

spacing under uniform load only 25, 108 

total number of 25 

vertical, maximum size diagram 106 

STRESSES permitted in design, see CODE INDEX. 

T 

TABLES, basis of 3 

T-BEAMS. 

design, basis of 3 

design problem 10 

steps in design 9 

with comp, reinforcement — design problem 14 

with comp, reinforcement — steps in design 13 

THICKNESS of footings— see footings. 

3000-lb. CONCRETE. 

advantages of 186 

saving in cost 186-188, 190 

See member in which used. 

TIED COLUMN. 

basis of design 34 

design problem 35 

design diagram, 2000, 2500, 3000 and 3750-lb. concrete 141 

load reduction in long 134 

2000, 2500, 3000, 3750 and 5000-lb. concrete — see p, K, bending and 
direct compression, flat slabs, spiral column, tied column, footings, 
quantities. 

TWO-WAY. 

flat slab design of > 30 

flat slab — see flat slab. 

slabs on beams, design of 29, 114 

slabs on beams, load distribution 114 

U 

UNIT prices used in cost data 185 

VOLUMES. v 

of column capitals 146 

of footings 37, 153-183 

of round or square columns 146 

W 

WEB REINFORCEMENT. 

basis of design 4, 21 

see stirrups and bent-up bars. 

WEIGHT. 

of column spiral — see column spiral. 

of footings 37 

of standard bars 40 

WIDTH of beam stems 39 

WOOD column forms flat slab (0.225Z capital) 120-133 


r 
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A 

AGGREGATES fine and coarse 

ALLOWABLE STRESSES 

axial compression, spiral columns 

axial compression, tied columns, / c =0.225/' c 

bearing on more than y 2 full area, f c =0.25f' c 

in bending and direct compression 

in column lateral reinforcement (none figured directly) 
in concrete beams or slabs 

bond stresses, beams, slabs and one-way footings 

plain bars, ordinary anchorage, u=0.04/' c 

deformed bars, ordinary anchorage, w=0.05/' c . . . 

plain bars, special anchorage, u=0.08f' c 

deformed bars, special anchorage, w=0.10/' c . . . . 
bond stresses, two-way footings 

plain bars, ordinary anchorage, u=0.03f' c 

deformed bars, ordinary anchorage, w=0.0375/' c 

plain bars, special anchorage, tt=0.06/' c 

deformed bars, special anchorage, u=0.075f ' c . . . 
extreme fiber stress in flexure, general 

near center of span, / c =0.4/' c 

adjacent to supports, / c =0.45/' c 

web stresses, diagonal tension, general 

without web reinforcement, ordinary anchorage, 

r c =0.02/' c 

without web reinforcement, special anchorage, 

i> c =0.03/' 

with web reinforcement, ordinary anchorage, 

-i;=0.06/' c 

with web reinforcement, special anchorage, 

t7=0.09/' c 

with unusual precautions, i;=0.12/ , c 

web stresses 

flat slab, v c =0.03/' c 

footings, ordinary anchorage, v c =:0.02/' c 

footings, special anchorage, t; c =0.03/' c 

in longitudinal reinforcement 

combination columns, structural steel section 

composite columns, structural steel sections, f H = 

15,000 

composite columns, cast iron sections, / s =9,000... 

composite columns, before concreting 

compression on steel, all grades, f s =nf c 

tension on structural grade billet steel, / s =18,000. . 
tension on intermediate grade billet steel, / s =20,000 

tension on hard grade billet steel, / s =20,000 

tension on rail steel, / s =20,000 

tension on structural steel shapes, / s =18,000 

tension on other metal, 50% of yield point 

in pedestals, compression on concrete, / c =0.25/' c . . . . 


Section 

Page 

205 

210 

306 

214 

306 

214 

306 

214 

1105 

239 

1103 

238 

306 

214 

306 

214 

306 

214 

306 

214 

306 

214 

306 

214 

306 

214 

306 

214 

306 

214 

306 

214 


306 

214 

306 

214 

306 

214 

306 

214 

903 

236 

306 

214 

306 

214 

306 

214 

1107 

241 

307 

215 

307 

215 

1106 

240 

307 

215 

307 

215 

307 

215 

307 

215 

307 

215 

307 

215 

307 

215 

1206 

245 
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Section Page 

in web reinforcement, tension in all grades of steel, 

/ s =16,000 306,904 214,231 

on bent-up bars, / s =16,000 805 228 

on stirrups, / s =16,000 306, 803 214, 228 

on tops of piers or footings, partially loaded 1205 244 

under wind loading, 50% increase in stress 604 221 

ANCHORAGE 

of web reinforcement 802, 904 227, 231 

of longitudinal reinforcement 

ordinary, requirements of 902 229 

special, requirements of 903 230 

for increased bond stress 903 230 

of footing bars 903 230 

for increased shearing stresses 903 230 

ARRANGEMENT of reinforcement, flat slabs 1008-1013 235-237 

B 

BAND WIDTH, flat slabs, two-way or four-way 1003 D32 

BARS — see materials, reinforcement 
BEAMS AND SLABS, moment coefficients 

freely supported 708 224 

restrained or continuous 709 225 

unequal span or loading 710 226 

BEAMS 

depth of 703 222 

in flat slab floor 1012 236 

length of 702 222 

protective covering of steel 506 218 

supporting 2-way slabs 713 226 

T-beams 706 222 

BEARING WALLS— see walls 

BENDING and direct stress 1105 239 

BENDING in columns 1105 239 

BENDING reinforcement 503 217 

BENT-UP BARS as web reinforcement 802,805 227,228 

BOND — see allowable stresses 

in beams and footings 901 229 

BRACKETS 

effect on span length 702 222 

under flat slabs 1012 236 

effect on column length 1102 238 

C 

CAST IRON 

in composite columns 1106 240 

quality 207 211 

CHEMICALS in concrete 408 217 

CHUTING 405 216 

CLEANING 

forms and equipment 402, 501 215, 217 

reinforcement 402 215 

surface of joints 507 219 

CLEAR spans may be used 702 222 
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COEFFICIENTS — moment 708-710 224-226 

COLD weather placing 408 217 

COLORIMETRIC test of aggregates 205 210 

COLUMNS 

combination 1107 241 

composite 1106 240 

length of 1102 238 

limitations in height 1101 238 

load reduction for long 1108 242 

protective covering of steel 506 218 

spiral H03 238 

strip, flat slab 1102 238 

subject to bending 1105 239 

tied 1104 239 

COMBINATION column design 1107 241 

COMMISSIONER of buildings 201-203 208-209 

COMPOSITE column design 1106 240 

COMPRESSIVE reinforcement 711 226 

CONCRETE 

chutes 405 216 

curing 407 216 

quality 301 211 

mixing (1 minute required as minimum) 404 216 

placing 406 216 

proportioning 

for average materials 302 211 

by special tests 303 212 

transporting of 405 216 

walls — see walls 

CONDUITS in ribbed floors 707 223 

CONSISTENCY of concrete 305 213 

CONSTRUCTION joints 507 219 

CURING concrete 407, 408 216, 217 

CYLINDERS — see tests 

D 

DEFINITIONS 205-207 

DEPTH of beam or slab 703 222 

DIAGONAL TENSION 

in beams and slabs 801 227 

in flat slabs 807 228 

in footings 808 229 

in rib floors 707 223 

in T-beams 7Q6 222 

on concrete 801 227 

see allowable stresses 

to .12/' c (special precautions required) 903 230 

DISTANCE between lateral supports 705 222 

DRAWINGS 102 208 

DROPPED panel — flat slab 1001 231 

DUST in aggregates, not over 2% 205 210 
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E Section Page 

EXCAVATION in wet ground 401 215 

EXPOSED reinforcement 506 218 

F 

FAILURE of load test 202 • 209 

FIELD TEST 304 213 

FIRE-RESISTIVE construction 506 218 

FIREPROOFING cover of concrete 506 218 

FLANGE width of T-beam 706 222 

FLAT SLAB 

at least 3 panels wide 1001 231 

brackets for wall columns 1012 236 

design moments 1003, 1004 232, 233 

design strips and sections 1002 232 

diagonal tension in 807 228 

distribution of moment 1003 232 

dropped or ceiling panels 1001-1005 231-234 

length of bars 1009,1010 235, 236 

limitations 1001 231 

limiting percentages 1006 234 

marginal beams 1012 236 

maximum bar spacing 1006 234 

moments for capital=0.225Z 1004 233 

moment in columns 1105 239 

openings 1013 237 

point of inflection 1007 235 

shear 807 228 

special or irregular 1001 231 

steel arrangement 1008-1010 235-236 

thickness * 1005 234 

wall and irregular panels 1011 236 

FLOOR FINISH 703 222 

FOOTINGS 

detail at base of column 1205 244 

diagonal tension or shear 808 229 

length of bars 903 230 

loads 1201 243 

moment in 1203 244 

protective covering of steel 506 218 

stepped or sloped 1202 244 

FORMWORK 

cleaning and wetting 402 215 

design for strength 501 217 

removal of 502 217 

FUTURE connection, exposed metal..., 506 218 

G 

GRADING of aggregates 305 213 

H 

HEATING 

reinforcement to bend, prohibited 503 217 

materials and concrete 408 217 


258 


Index to Joint Building Code 


HEIGHT of columns, in design 

HOT weather — curing 

I 

I-BEAMS (concrete) in diagonal tension... 
INFLECTION, point of 

beams and slabs 

flat slabs 

IMPACT in ribbed floors 

INSPECTION 

I-(MOMENT OF INERTIA) 

for beams 

for columns 

J 

JOINT between floor and columns 

L 

LAITANCE removed 

LENGTH 

of beams 

of columns 

LOAD 

distribution in 2-way slabs 

live and dead ’ 

reduction in long columns 

reduction, general * 

tests 

wind 

LONG COLUMNS ! 

M 

MATERIALS, specifications for 

aggregates (ASTM: C40-27) 

billet steel bars (ASTM: A15-14) 

cast iron (ASTM: A44-04) [ ’ * 

measurement of * 

Portland cement (ASTM: C9-26) !..!!!!!. 

rail steel bars (ASTM: A16-14) 

storage of 

structural steel (ASTM: A9-24) ’ 

water 

welded wire mesh (ASTM: A82-27) 

MAXIMUM size of aggregates 

MESH — see welded wire mesh and materials 

MIDDLE strips — flat slab 

MIXING concrete (1 minute minimum time) 
MOMENT coefficients 

beams 

columns 

flat slab 

MOMENT OF INERTIA 

beams 

columns 

MORTAR used in placing concrete 


Section 

Page 

1102 

238 

407 

216 

801 

227 

704 

222 

1007 

235 

707 

223 

. 203, 403 

209, 215 

709 

225 

1108 

242 

507 

219 

507 

219 

702 

222 

1102 

238 

713 

226 

603 

221 

1108 

242 

603 

221 

202 

209 

604 

221 

1108 

242 


205 

210 

207 

210 

207 

210 

305 

213 

204 

210 

207 

210 

208 

211 

207 

210 

206 

210 

207 

210 

205 

210 

1002 

232 

404 

216 

. 708-710 

224-226 

1105 

239 

1003, 1004 

232, 233 

709 

225 

1108 

242 

406 

216 
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N 

Section 

Page 

n, taken for design 



219 

NEGATIVE moment 



222 

NOTATION in design formulas. . . . 


602 

219 


O 



OFFSET in reinforcement 


505 

218 

OPENINGS in flat slabs 


1013 

237 


P 



PANELED ceiling — flat slab 


1001 

231 

PANEL walls in skeleton construction 

1109 

242 

PEDESTALS 



245 

PERMITS 


102 

208 

PIERS 



245 

PLACING 




concrete 


406 

216 

reinforcement 



217 

PLASTER fireproofing 


506 

218 

PORTLAND CEMENT 


204 

210 

POSTS in single story 


1101 

238 

POINT OF INFLECTION 




flat slabs 



235 

beams 


704 

222 

PROPORTIONING concrete 


302, 303, 305 

211-213 

PROTECTIVE covering of concrete 

506 

218 

PUDDLING concrete 


406 

216 


Q 

QUALITY 

aggregates 205 210 

cement 204 210 

concrete 301 211 

reinforcement 207 210 

R 

RADIUS OF GYKATION of columns 1108 242 

RECORD of placing 406 216 

REDUCTION 

in steel — 2-way slabs 713 226 

in column loads 603 221 

REINFORCEMENT 

billet steel • 207 210 

cleaning and bending 402, 503 215, 217 

placing 504 217 

rail steel 207 210 

splicing 505 217 

wire mesh 207 210 

REMOVAL of formwork 502 217 

RIBBED FLOORS 707 223 
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SCOPE of code 

Section 

101 

Page 

one 

SEGREGATION not permitted. . . 

SHALE in aggregate not over 1 y 2 % (unburned shale) 
SHEAR 

405 

205 

6VJO 

216 

210 

in beams and slabs 

801 

997 

in flat slabs 

807 

aa / 

QQQ 

in footings 

80S 

aaO 

090 

in rib floors 

ouo 

707 

099 

in T-beams 

706 

aao 

QQQ 

on concrete 

801 

aaa 

997 

see allowable stresses 

to . 12 /' c (special precautions required) 

SHRINKAGE reinforcement 

SLABS 

903 

712 

aal 

230 

226 

minimum reinforcement of 

ribbed or pan, see ribbed floors 
protective covering of steel .... 
SPACING 

714 

506 

227 

218 

column spirals 

1103 

900 

reinforcement 

504 

aoO 
91 7 

stirrups 

804 

all 

09Q 

SPAN length of beams and slabs 

SPECIAL SYSTEMS 

702 

103 

1103 

505 

aa o 
222 
90S 

SPIRAL COLUMNS 

u UO 

oqq 

SPLICING reinforcement 

STIRRUPS 

UO O 
218 

anchorage 

904 

091 

spacing 

804 

aol 

99fi 

vertical or inclined 

802, 803 227 

aa O 
998 

STORAGE 

, aao 

cylinders 

304 

91 Q 

material 

90S 

alo 

91 1 

STRESSES — see allowable stresses 
STRUCTURAL STEEL 

aVJO 

all 

in combination columns 

in composite columns 

SUPERVISION of engineer required 

SYMBOLS or notations 

1107 

1106 

903 

602 

241 

240 

230 

219 


t 


T-JdJcJAMo 

TEMPERATURE reinforcement 

TESTS 


222 

226 

deflection recovery 


9HQ 

field tests of concrete 


uvJv 

91 3 

for special strength 

load 


u±0 

212 

9flQ 

of aggregates 

of concrete 


avjv 

210 

208 
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Section Page 

of cylinders 302-304 211-213 

of reinforcing steel 207 210 

THICKNESS of flat slabs 1005 234 

TIED COLUMNS 1104 239 

TIES for compression steel 711 226 

TILE 

fillers in shear 801 227 

for ribbed floors 707 223 

TRANSPORTING concrete 405 216 

TWO-WAY slabs on beams 713 226 

U 

UNIT STRESSES — see allowable stresses 

W 

WALLS 1109 242 

WALL panels, flat slab 1011,1012 236 

WATER 

mixing 206 210 

excess removed 507 219 

removed from excavation 401 215 

WATER-CEMENT RATIO 302, 303 211, 212 

WEB REINFORCEMENT 801-806 227,228 

anchorage 904 231 

WELDED wire fabric for web reinforcement 904 231 

WETTING forms 402 215 

WIND loads 604 221 


New Media for 
Architectural Expression 


T3 


HE building of today has new lines and 
masses to express its purpose. For fitting 
decorative motifs, novel applications of con- 
crete have been developed by the patience and skill 
of architectural and sculptural craftsmen. 


Thus a material long known for its structural 
utility now finds appropriate use in exterior surfaces 
and decoration. 


The successful use of concrete — whether for hidden 
girders or the severest exposure — is controlled by 
basic principles which are simple but exacting. 
Scrupulously observed, they permit the architect to 
design and build in concrete with confidence that 
the structure will endure, will be economical, and 
will express the spirit of the time. 


The Portland Cement Association devotes the 
work of a large research laboratory, and of many 
specialists, to the intensive study of these principles 
and their application in the building arts. It is a 
service organization, supported by the manufac- 
turers of portland cement. Its resources are unre- 
servedly offered to architects and structural engineers. 


Portland Cement Association 

A National Organization to Improve and Extend 
the Uses of Concrete 

33 West Grand Avenue, Chicago 

District Offices in 3 2 . Cities 




(7° HROUGH the co-operation of the United 
IO States Department of Commerce, the Concrete 
Reinforcing Steel Institute has standardized on 
eleven sizes of reinforcing bars and four sizes of 
spiral rods. 


It has campaigned for the use of intermediate 
grade as a single standard for new billet reinforcing 
steel. It has developed a Code of Standard Practice 
covering such subjects as engineering, estimating, 
materials, execution, standard procedure, standard 
practice for bundling and tagging bars, uniform bar 
sales contract and uniform contract for removable 


forms. 


It has published “Reinforced Concrete,” a Hand- 
book on reinforced concrete construction. Copies of 
this Handbook which includes the Code of Standard 
Practice, can be had upon request to the Institute. 

The Institute assisted in the production of the 
Joint Code, which appears elsewhere in this book, 
and has tentatively adopted it. 

For assistance in your building problems call upon 
the Institute. 

Concrete Reinforcing SteelInstitute 

A National Organization of Reinforcing Bar Fabricators 
Formed to Promote Better Reinforced 
Concrete Construction 

Tribune Tower, Chicago 




Rail Steel Bar Association was formed seventeen 
years ago, having for its original purpose co-operative 
research in manufacturing methods. The exchange of 
ideas relating to rolling processes, as well as the study of 
other factors involved in the production of rail steel rein- 
forcing bars has established a standard of uniform quality 
in that material throughout the industry. 


During the past several years the Rail Steel Bar Associa- 
tion has been engaged in an intensive educational campaign 
directed to architects, engineers, contractors, building com- 
missions and universities. This campaign has taken the 
form of an active program of business paper advertisements 
technical bulletins and the personal contacts of engineers of 
the organization. 


Through its executive personnel the Rail Steel Bar Asso- 
ciation maintains membership in the several national tech- 
nical societies and their committees. In all of these varied 
activities this organization has taken an important part in 
the work of extending the use of reinforced concrete con- 
struction. 


Engineers, architects, or others interested are invited to 
direct inquiries for information on the manufacture or use 
of rail steel reinforcing bars to the association headquarters. 


Rail Steel Bar Association 

Builder’s Building, Chicago 









